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A fermented milk high in bioactive peptides has a blood
pressure–lowering effect in hypertensive subjects1–3

Leena Seppo, Tiina Jauhiainen, Tuija Poussa, and Riitta Korpela

ABSTRACT
Background: Angiotensin-converting enzyme (ACE; EC
3.4.15.1) plays a dual role in the regulation of hypertension: it cat-
alyzes the production of the vasoconstrictor angiotensin II and it
inactivates the vasodilator bradykinin. By inhibiting these
processes, ACE inhibitors have antihypertensive effects. Peptides
derived from milk proteins can have ACE-inhibiting properties
and may thus be used as antihypertensive components.
Objective: We evaluated the long-term blood pressure–lowering
effect of milk fermented by Lactobacillus helveticus LBK-16H in
hypertensive subjects.
Design: In a randomized placebo-controlled study, 39 hyperten-
sive patients received 150 mL/d of either L. helveticus LBK-16H
fermented milk or a control product for 21 wk after a 2-wk run-in
period. During the run-in period, the average baseline diastolic
and systolic blood pressure values were 155 and 97 mm Hg,
respectively, in the test product group and 152 and 96 mm Hg,
respectively, in the control group. After the run-in period, blood
pressure was measured at home on the same day every week with
the use of an automatic blood pressure recorder.
Results: There was a mean difference of 6.7 ± 3.0 mm Hg in
systolic blood pressure (P = 0.030) and of 3.6 ± 1.9 mm Hg
(P = 0.059) in diastolic blood pressure between the test product
and control groups. Demographic factors had no significant effect
on the responses.
Conclusion: L. helveticus LBK-16H fermented milk containing
bioactive peptides in normal daily use has a blood pressure–
lowering effect in hypertensive subjects. Am J Clin Nutr
2003;77:326–30.

KEY WORDS Fermented milk, bioactive peptides, blood
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INTRODUCTION

Hypertension is a risk factor for cardiovascular diseases,
including coronary heart disease, peripheral arterial disease, and
stroke. The renin-angiotensin system is an important regulator of
blood pressure. Therefore, drugs that inhibit the renin-angiotensin
system, either by inhibiting angiotensin-converting enzyme
(ACE; EC 3.4.15.1) or by blocking angiotensin (AT1) receptors,
are widely used in the treatment of hypertension. ACE inhibitors
have a dual effect on the renin-angiotensin system: they inhibit
the production of the vasoconstrictor angiotensin II and they
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inhibit the degradation of the vasodilator bradykinin. In addition,
ACE inhibitors have other beneficial effects in hypertensive
patients, for example, in those with cardiac or renal insufficiency
or diabetes.

Through fermentation, peptides that have an ACE-inhibiting
and thus a blood pressure–lowering effect can be derived from
milk proteins (1). Some of these peptides have also been found to
have opioid receptor binding properties (2). A fermented milk
product with the biologically active peptides valyl-prolyl-proline
(Val-Pro-Pro) and isoleucyl-prolyl-proline (Ile-Pro-Pro) was
shown to lower blood pressure in spontaneously hypertensive rats
(3). It was suggested that small peptides are absorbed from the
gastrointestinal tract without being decomposed by digestive
enzymes (4). Two other peptides (Tyr-Pro and Lys-Val-Leu-Pro-
Val-Pro-Gln) that were purified and characterized from fermented
milk were also shown to have ACE-inhibitory activity in sponta-
neously hypertensive rats (5, 6). Nurminen et al (7) found that
�-lactorphin (Tyr-Gly-Leu-Phe) also reduced blood pressure in
normotensive and spontaneously hypertensive rats (7).

In a placebo-controlled study of hypertensive patients, sour
milk fermented by Lactobacillus helveticus and Saccharomyces
cerevisiae reduced systolic and diastolic blood pressure in an 8-wk
intervention (8). We previously investigated the effects on blood
pressure of a milk product fermented by L. helveticus LBK-16H,
both in animal models (9) and in humans (10). In an 8-wk study
(10), this milk product containing the bioactive tripeptides Val-
Pro-Pro and Ile-Pro-Pro reduced blood pressure in mildly hyper-
tensive subjects. In an unpublished placebo-controlled study, the
same milk product also tended to lower systolic blood pressure in
hypertensive subjects (J Tuomilehto, J Lindström, and J Hyyrynen, et
al, unpublished observations, 2002). The aim of the present
study was to evaluate the long-term blood pressure–lowering
effect of L. helveticus LBK-16 H fermented milk, in normal daily
use, in hypertensive subjects during a 21-wk intervention period.
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TABLE 1
Demographic characteristics of the subjects1

Test product group Control group
(n = 10 M, 12 F) (n = 9 M, 8 F)

Age (y) 50.9 ± 6.9 (33.7–61.7)2 47.9 ± 6.9 (30.2–61.4)
Weight (kg) 85.6 ± 16.3 (67.5–125.0) 77.6 ± 17.1 (48.0–118.0)
Users of anti- 9 7
hypertensive 
medication (n)

Smokers (n) 2 2
Blood pressure at 
the clinic visits 
(mm Hg)3

Systolic 155 ± 13 (133–176) 152 ± 13 (137–176)
Diastolic 97 ± 6 (86–108) 96 ± 6 (88–108)

1 There were no significant differences between groups.
2 x– ± SD; range in parentheses.
3 Weeks �2 and �1 of the run-in period.

TABLE 2
Nutritional composition of the test and control products1

Test product Control product

Energy (kJ/100 g) 265 147
Carbohydrate (g/100 g) 14 4.3
Fat (g/100 g) 0.07 0.4
Protein (g/100 g) 2.8 3.7
Calcium (mg/100 g) 200 130
Val-Pro-Pro (mg/100 g) 2 —
Ile-Pro-Pro (mg/100 g) 1.5 —

1 Val-Pro-Pro, valyl-prolyl-proline; Ile-Pro-Pro, isoleucyl-prolyl-proline.

SUBJECTS AND METHODS

Subjects

Forty-two hypertensive volunteers with mean systolic blood
pressure ≥ 140 mm Hg, mean diastolic blood pressure ≥ 90 mm
Hg, or both taken during 2 ambulatory visits with an interval of
5–14 d were included in the study. The demographic data of the
subjects are presented in Table 1.

Design

The study was conducted according to the Helsinki declaration
and good clinical practice. The subjects were randomly allocated
to 2 groups to receive a daily dose of 150 mL of either the test
product or a control drink that was similar but did not contain the
2 peptides (Ile-Pro-Pro and Val-Pro-Pro). The subjects received
the products for 21 wk after a 2-wk run-in period. Separate ran-
domization lists were used for those who were or were not taking
antihypertensive medication. Blood pressure and heart rate were
measured from the left arm with the use of the same fully auto-
matic blood pressure recorder with preset inflation (Omron M4;
Omron Matsusaka Co Ltd, Matsusaka, Japan), with the subject sit-
ting after resting for 10 min. At the second visit, the subjects were
taught how to measure their own blood pressure. They then meas-
ured their blood pressure at home on the same weekday, in the
morning, 1 h after waking. The subjects were advised to avoid eat-
ing, smoking, exercising, and taking antihypertensive medication
before measuring their blood pressure.

During the 21-wk study period, either the test or the control
product was taken as a 150-mL dose in the morning on the meas-
urement days after the subjects had measured their blood pres-
sure. The researchers and the subjects were blinded as to which
group the subjects were in. The subjects were questioned by
means of a pretested postal questionnaire about their daily use of
the study products; they were also asked whether they had
noticed any symptoms.

Three of the subjects withdrew from the study during the first
week and were excluded from the statistical calculations. Thirty-
nine subjects (19 male, 20 female) aged between 30.2 and 61.7 y
were included in the statistical analyses (Table 1). Three subjects
withdrew from the study after 14–20 wk for the following reasons:
their blood pressure medication dose had been lowered, they were

feeling ill, or they did not have enough time for the study. Their
blood pressure values are included in the statistical analyses. Two
subjects who withdrew were from the control group and 4 were
from the test product group.

Test and control products

The test milk Evolus was produced by Valio Ltd (Helsinki) from
heat-treated, low-lactose, skim milk inoculated with a single-strain
of L. helveticus (LBK 16 H strain) under aseptic conditions. The
milk was fermented for 18–20 h in optimal growth conditions to
reach a high proteolytic activity at 37 �C until a final pH of
4.0–4.2. The milk solid content was increased to standardize the
content of the Val-Pro-Pro (2.0 mg/100 g product) and Ile-Pro-Pro
(1.5 mg/100 g product) peptides. The peptide contents of the fer-
mented milk products and feed were determined by the modified
method of Masuda et al (4), in which the peptide fraction was col-
lected by gel filtration chromatography (Superdex Peptide HR 10/30;
Amersham Pharmacia Biotech, Bucks, United Kingdom) and ana-
lyzed by reversed-phase HPLC at 214 nm (Novapak C18; Waters
Alliance HPLC, Milford, MA). A blueberry concentrate was
mixed with the fermented milk, and the mixture was poured into
1-L blank cartons. The nutritional composition of the product is
shown in Table 2.

The control milk was produced from heat-treated, low-lactose,
skim milk fermented by a normal fermentation process with a
mesofilic Lactococcus sp. mixed culture at optimal temperature
(30 �C) under optimal growth conditions until a final pH of
4.0–4.5. Blueberry concentrate, sugar, and flavorings were added
to make the sensory attributes of the control product as similar to
those of the test product as possible. The control milk was poured
into 1-L blank cartons identical to the test product package.

Statistical methods

Baseline systolic and diastolic blood pressure were defined as
the mean of the values measured in the first 3 wk (weeks �2, �1,
and 0), of the 2 first ambulatory measurements, and of 1 home
measurement. In addition to the weekly blood pressure values, the
values were combined (mean of weeks 1–4, 5–8, 9–12, 13–16, and
17–21). The absolute changes in weekly and monthly blood pres-
sure from baseline were calculated. Area under the curve (AUC)
statistics were estimated by using the trapezoidal rule to summa-
rize the weekly within-subject changes in blood pressure from
baseline. The changes from baseline and the AUC values were
compared between the groups with use of the t test for independ-
ent samples. Treatment differences are given with 95% CIs.
Analysis of variance for repeated measurements was used 1) to
compare the groups with respect to the changes in blood pressures
after 1, 2, 3, 4, and 5 mo of treatment; 2) to test the period effect;
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FIGURE 1. Mean (± SEM) change in systolic blood pressure (SBP) and
diastolic blood pressure (DBP) from baseline during the 21 wk of treatment
in the test product (�; n = 19) and control (�; n = 17) groups. 

and 3) to test the interaction between period and treatment. The
possible effects of baseline demographic characteristics (sex,
weight, age, and use of antihypertensive medication) of the sub-
jects were also analyzed. Changes in blood pressure from base-
line were compared between the groups by adjusted means based
on an analysis of covariance with baseline characteristics as the
covariates. SPSS (version 10.1; SPSS Inc, Chicago) was used for
the statistical analyses.

RESULTS

The changes in weekly systolic and diastolic blood pressure
values are presented in Figure 1. The baseline values for sys-
tolic blood pressure (x– ± SEM) in the test and control groups
were 152 ± 2.7 and 149 ± 2.7 mm Hg, respectively; those for

diastolic blood pressure were 96 ± 1.1 and 95 ± 1.4 mm Hg,
respectively.

Both systolic and diastolic blood pressure decreased more in
the test product group than in the control group. There was a mean
difference of 6.7 ± 3.0 mm Hg in systolic blood pressure and a
mean difference of 3.6 ± 1.9 mm Hg in diastolic blood pressure
between the groups (Table 3). According to the analysis of vari-
ance for repeated measurements, the treatment effect (test prod-
uct compared with control product) was significant for systolic
blood pressure (P = 0.030) and tended to be significant for dias-
tolic blood pressure (P = 0.059). The interaction effects and the
period effects were nonsignificant.

In Table 4, the weekly changes in blood pressure are combined
with the monthly results. When all of the observation points were
included in the analysis, the mean decrease in both systolic (dif-
ference between the groups from –3.4 to –6.3 mm Hg) and dias-
tolic (difference between the groups from – 2.0 to –3.7 mm Hg)
blood pressure was greater, but not significantly so, in the test
product group than in the control group.

The AUC takes into account both the size and temporal persist-
ence of the reduction in blood pressure. The AUC (mm Hg · mo)
for the decrease in systolic blood pressure during weeks 1–21
was (x– ± SEM) �308 ± 34 for the test product group com-
pared with �192 ± 55 for the control product group. The cor-
responding treatment difference was �116 (95% CI: �243,
11; P = 0.071). Similarly, the AUC for the decrease in diastolic
blood pressure was greater in the test product group than in the
control group: �169 ± 22 compared with �108 ± 31. The cor-
responding treatment difference was �61 (95% CI: �137, 14;
P = 0.107). If ambulatory measurements were not included in
the baseline values, the corresponding treatment differences
were �4.4 (95% CI: �9.6, 0.7; P = 0.091) for systolic blood
pressure and �2.7 (95% CI: �6.3, 0.9; P = 0.13) for diastolic
blood pressure.

The possible effects of baseline demographic characteris-
tics (sex, weight, age, and use of antihypertensive medica-
tion) on the mean change in blood pressure were analyzed by
using several methods, such as stepwise regression analyses
and by forcing these variables into the regression models.
None of these factors significantly influenced the blood pres-
sure responses.

After 5 mo of treatment, weight loss was not significantly
related to the reduction in systolic blood pressure (P = 0.679) or
diastolic blood pressure (P = 0.574). The weight loss differences
between the groups were nonsignificant. After 23 wk of treatment,
the mean (± SD) reduction was 0.8 ± 2.0 kg in the test product
group and 0.7 ± 1.8 kg in the control group.

In the control group, the mean changes in systolic and dias-
tolic blood pressure were �8.5 and �3.8 mm Hg, respectively,
among untreated subjects and �9.2 and �6.2 mm Hg, respec-
tively, among subjects taking anithypertensive medication. In
the test product group, the mean changes were �14.4 and
�7.7 mm Hg among untreated subjects and �12.8 and
�6.8 mm Hg among treated subjects. The interaction between
blood pressure medication and study treatment was nonsignif-
icant (P = 0.717 for systolic blood pressure and P = 0.390 for
diastolic blood pressure).

No adverse effects were experienced by the subjects, except that
one subject reported abdominal bloating and one reported flatu-
lence; both of these subjects belonged to the control group. None
of the withdrawals were considered to be due to the study products.
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TABLE 3
Changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP) during the intervention period among subjects in the test product (n = 19)
and control (n = 17) groups who had blood pressure measurements for each month (per protocol analysis)1

SBP DBP

Test product group Control group Test product group Control group

mm Hg mm Hg

Month 2 �15.5 ± 2.1 �7.7 ± 1.9 �7.9 ± 1.4 �4.2 ± 1.3
Month 3 �17.2 ± 1.8 �10.9 ± 2.8 �9.1 ± 1.2 �6.1 ± 1.6
Month 4 �15.7 ± 1.5 �8.8 ± 3.0 �9.0 ± 1.0 �4.9 ± 1.9
Month 5 �15.4 ± 1.9 �9.4 ± 3.2 �9.3 ± 1.1 �5.5 ± 1.8
Test product compared with control

x– �6.7 ± 3.0 �3.6 ± 1.9
95% CI �12.8, �0.7 �7.4, 0.1
P for treatment effect 0.030 0.059

1 x– ± SEM. There was no interaction effect or period effect.

DISCUSSION

In a placebo-controlled study of mildly hypertensive subjects,
Seppo et al (10) found that L. helveticus LBK-16H fermented
milk reduced systolic and diastolic blood pressure more in the
test group than in the control group (P = 0.05 for systolic and P
< 0.05 diastolic blood pressure). L. helveticus LBK-16H fer-
mented milk was also shown to significantly attenuate the devel-
opment of hypertension in spontaneously hypertensive rats in 2
experimental studies (9, 11). We decided to use blood pressure
measurements taken by the subjects at home to avoid the “white
coat” effect, which is generally known to influence blood pres-
sure measurements taken in a doctor’s office. This effect was also
seen in the present study: home systolic blood pressure measure-
ments were �10 mm Hg lower those taken during the pretrial vis-
its. The high reproducibility and low placebo effect on the home
blood pressure measurements in hypertensive subjects were
described earlier (12).

The subjects included represented normal consumers of differ-
ent ages, sexes, and lifestyles. Age, sex, and antihypertensive med-
ication had no significant interaction effects. Subjects were
advised not to change their exercise or eating habits during the
study, as confirmed by their unchanged body weights.

The intervention time (5 mo) was estimated to be long
enough to demonstrate the persistence of the effects shown
previously in shorter studies (8, 10). Compliance was good
and the product was well tolerated. No adverse effects or
symptoms were reported on the questionnaires sent to the vol-
unteers twice during the study. The relatively small number
of subjects and the fairly large variation in blood pressure val-
ues seen in this and other trials may result in clinically signi-
ficant mean reductions in blood pressure not reaching statis-
tical significance.

Of the many Lactobacillus species, L. helveticus strains have a
relatively high proteolytic activity. The LBK-16H strain was cho-
sen because of its high proteolytic activity and its capacity to pro-
duce bioactive peptides, including Val-Pro-Pro and Ile-Pro-Pro,
which have been shown to possess ACE activity (3). It has been
suggested that Ile-Pro-Pro and Val-Pro-Pro are stable and are
absorbed because of their small size and carboxyl-terminal pro-
line-proline sequence, which is resistant to peptidase (13).

In vitro results showed ACE activity in the test milk, which
obviously explains, at least in part, the antihypertensive effects of
the product. In ACE inhibition, the 50% inhibitory concentration
(IC50 value) of Ile-Pro-Pro and Val-Pro-Pro peptides is much

TABLE 4
Changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP) from baseline and the differences between the groups for all subjects
(intention-to-treat analysis)

Test product group Control group Test product compared with control P

SBP (mm Hg)
Month 1 �11.1 ± 2.2 [22]1 �7.7 ± 2.0 [17] �3.4 (�9.6, 2.7)2 0.266
Month 2 �13.5 ± 2.1 [22] �7.7 ± 1.9 [17] �5.7 (�11.7, 0.2) 0.058
Month 3 �15.6 ± 2.1 [22] �10.9 ± 2.8 [17] �4.8 (�11.8, 2.2) 0.174
Month 4 �15.1 ± 1.6 [21] �8.8 ± 3.0 [17] �6.3 (�13.2, 0.7) 0.077
Month 5 �15.4 ± 1.9 [19] �9.4 ± 3.2 [17] �5.9 (�13.5, 1.6) 0.119
x– change �13.8 ± 1.8 [22] �8.8 ± 2.4 [17] �5.0 (�10.9, 1.0) 0.098

DBP (mm Hg)
Month 1 �5.5 ± 1.2 [22] �3.5 ± 1.3 [17] �2.0 (�5.5, 1.5) 0.264
Month 2 �6.9 ± 1.5 [22] �4.2 ± 1.3 [17] �2.7 (�6.9, 1.4) 0.195
Month 3 �8.2 ± 1.2 [22] �6.1 ± 1.6 [17] �2.1 (�6.0, 1.8) 0.285
Month 4 �7.8 ± 1.3 [21] �4.9 ± 1.9 [17] �2.9 (�7.4, 1.7) 0.208
Month 5 �9.3 ± 1.1 [19] �5.5 ± 1.8 [17] �3.7 (�7.9, 0.5) 0.079
x– change �7.3 ± 1.1 [22] �4.8 ± 1.4 [17] �2.5 (�6.6, 1.2) 0.169

1 x– ± SEM; n in brackets.
2 x– (95% CI).
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higher than that of ACE-inhibitory drugs but lower than that of
most other milk peptides that possess ACE-inhibiting effects (14).
It has been shown that after both a single dose of (14) and a
longer intervention with (15) a product containing Ile-Pro-Pro
and Val-Pro-Pro, the ACE activity of the abdominal aorta is
reduced compared with that in control rats. In our own experi-
ments, we found that plasma renin activity increases in rats
treated with the L. helveticus LBK-16H fermented milk product (11).

Mechanisms other than ACE inhibition by which the L. hel-
veticus fermented milk product could lower blood pressure cannot
be excluded. One contributing factor of the antihypertensive effect
of the test milk might be the higher calcium content of the test
product than of the control product. In the test product, the pep-
tide content was produced by a natural lactobacillus fermentation
process, without any addition of purified peptides. It remains to
be investigated whether larger doses of the peptides could lower
blood pressure still further. The natural fermentation process
results in the inclusion of live starter bacteria in the test product,
and it is possible that this has some additional effect on blood
pressure regulation. In a rat model, it was shown that the same fer-
mented milk product as used in the present study attenuated the
development of hypertension in spontaneously hypertensive rats,
more than did an equal amount of purified peptides (9).

The results show that during the intervention period there was
on average a 6.7 ± 3.0-mm Hg difference between the test group
and the control group in systolic blood pressure and on average a
3.6 ± 1.9-mm Hg difference in diastolic blood pressure (Table 3).
These results confirm the preliminary findings in short-term stud-
ies (8, 10; J Tuomilehto et al, unpublished observations, 2002) and
in animal models (9, 11) and show that the effect persists in a nor-
mal population for ≥ 21 wk.

In the present study, the average decreases in both systolic and
diastolic blood pressure can be considered significant from a pub-
lic health point of view. The decreases were even greater than
those seen in the Heart Outcomes Prevention Evaluation Study,
for example, in which a low-dose ACE inhibitor was used (16) or
in nonpharmacologic intervention studies (17). In conclusion, the
results of the present study showed that L. helveticus LBK-16H
fermented milk, in normal daily use, has a blood pressure–lower-
ing effect in hypertensive subjects and is thus potentially useful
in the dietary treatment of hypertension.
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uscript. None of the authors have any advisory board affiliation or financial
interest in any organization sponsoring the research. LS and TJ were the study
coordinators, TP receives a salary for statistical analysis, and RK is manager of

nutrition research at Valio Ltd, scientific secretary of the Foundation for Nutri-
tion Research, and assistant professor at the University of Helsinki.

REFERENCES
1. Yamamoto N, Takano T. Antihypertensive peptides derived from milk

proteins. Nahrung 1999;43:159–64.
2. Meisel H. Overview on milk protein-derived peptides. Int Dairy J

1998;8:363–73.
3. Nakamura Y, Yamamoto N, Sakai K, Takano T. Antihypertensive

effects of sour milk and peptides isolated from it that are inhibitors to
angiotensin I-converting enzyme. J Dairy Sci 1995;78:1253–7.

4. Masuda O, Nakamura Y, Takano T. Antihypertensive peptides are
present in aorta after oral administration of sour milk containing these
peptides to spontaneously hypertensive rats. J Nutr 1996;126:3063–8.

5. Yamamoto N, Maeno M, Takano T. Purification and characterization
of an antihypertensive peptide from a yogurt-like product fermented
by Lactobacillus helveticus CPN4. J Dairy Sci 1999;82:1388–93.

6. Maeno M, Yamamoto N, Takano T. Identification of an antihyperten-
sive peptide from casein hydrolysate produced by a proteinase from
Lactobacillus helveticus CP790. J Dairy Sci 1996;79:1316–21.

7. Nurminen M-L, Sipola M, Kaarto H, et al. Alpha-lactorphin lowers
blood pressure measured by radiotelemetry in normotensive and
spontaneously hypertensive rats. Life Sci 2000;66:1535–43.

8. Hata Y, Yamamoto M, Ohni M, Nakajima K, Nakamura Y, Takano T.
A placebo-controlled study of the effect of sour milk on blood pres-
sure in hypertensive subjects. Am J Clin Nutr 1996;64:767–71.

9. Sipola M, Finckenberg P, Santisteban J, Korpela R, Vapaatalo H,
Nurminen M-L. Long-term intake of milk peptides attenuates devel-
opment of hypertension in spontaneously hypertensive rats. J Phys
Pharm 2001;52:745–54.

10. Seppo L, Kerojoki O, Suomalainen T, Korpela R. The effect of a
Lactobacillus helveticus LBK-16 H fermented milk on hypertension:
a pilot study on humans. Milchwissenschaft 2002;57:124–7.

11. Sipola M, Finckenberg P, Korpela R, Vapaatalo H, Nurminen M-L.
Effect of long-term intake of milk products on blood pressure in
hypertensive rats. J Dairy Res 2002;69:103–11.

12. Imai Y, Ohkubo T, Hozawa A, et al. Usefulness of home blood pres-
sure measurements in assessing the effect of treatment in a single-
blind placebo-controlled open trial. J Hypertens 2001;19:179–85.

13. Takano T. Milk derived peptides and hypertension reduction. Int
Dairy J 1998;8:375–81.

14. Nakamura Y, Yamamoto N, Sakai K, Okubo A, Yamazaki S, Takano T.
Purification and characterization of angiotensin I-converting enzyme
inhibitors from sour milk. J Dairy Sci 1995;78:777–83.

15. Nakamura Y, Masuda O, Takano T. Decrease of tissue angiotensin
I-converting enzyme activity upon feeding sour milk in spontaneously
hypertensive rats. Biosci Biotechnol Biochem 1996;60:488–9.

16. The Heart Outcomes Prevention Evaluation Study Investigators.
Effects of an angiotensin-converting-enzyme inhibitor, ramipril, on
cardiovascular events in high-risk patient. N Engl J Med 2000;342:
145–53.

17. Law MR, Frost CD, Wald NJ. Analysis of data from trials of salt
reduction. BMJ 1991;302:819–24.

 by on D
ecem

ber 16, 2009 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


Am J C/in Nutr 1996;64:767-71. Printed in USA. 0 1996 American Society for Clinical Nutrition 767

A placebo-controlled study of the effect of sour milk on
blood pressure in hypertensive �2

Yoshiva Hata, Minoru Yamamoto, Mitsuo Ohni, Kumiko Nakajima, Yasunori Nakamura,

and Toshiaki Takano

ABSTRACT A placebo-controlled study was conducted to

test the effect of Calpis (Calpis Food Industry Co. Ltd. Tokyo,

Japan) sour milk, ie, a milk fermented with a starter containing

Lactobacillus helveticus and Saccharomyces cerevisiae, on the

blood pressure of 30 elderly hypertensive patients, most of whom
were taking antihypertensive medication. Subjects were randomly

assigned to two groups. One group ingested daily 95 mL of the

sour milk for 8 wk, and the other group ingested the same amount

of artificially acidified milk as a placebo for 8 wk. In the sour-milk

group, systolic blood pressure decreased significantly 4 and 8 wk
after ingestion, by 9.4 ± 3.6 mm Hg (� ± SE, P < 0.05) and

14. 1 ± 3.1 mm Hg (P < 0.01), respectively. The diastolic blood
pressure also decreased significantly, by 6.9 ± 2.2 mm Hg (P <

0.01), by 8 wk after ingestion of the sour milk began. No signif-
icant changes in blood pressure were observed in the placebo

group. The decrease in systolic and diastolic blood pressure in the

sour-milk group tended to be greater than in the placebo group. No

marked changes were observed in other indexes, including pulse
rate, body weight, and blood serum variables in both groups.
Am J C/in Nutr 1996;64:767-71.

KEY WORDS Hypertension, fermented milk, peptide,
blood pressure, hypertensive patients

INTRODUCTION

Dietary treatments as well as medical treatments with phan-

maceuticals are important to control the blood pressure of
hypertensive subjects. Many studies have reported the relation
between hypertension and mineral intake. Dietary restriction of
sodium (1) and supplementation with potassium (2) and cal-

cium (3) have been proposed. However, several problems still
remain because there are patients with non-salt-sensitive hy-

pertension (4) and it is not clear whether mineral supplemen-
tation is actually effective in hypertensive subjects (5, 6).

Recently, some prospective trials using other dietary materials,
such as immune milk (7), fish oil (8), and dietary antioxidants
(9), were reported.

Calpis (Calpis Food Industry Co, Ltd. Tokyo, Japan) sour
milk is a cultured milk prepared by fermenting skim milk with
a natural starter culture containing Lactobacillus he/veticus and

Saccharomyces cerevisiae as the predominant microorganisms

and has been used traditionally for many years. Antihyperten-

sive activity of orally administered Calpis sour milk (10) and

milk fermented by L. helveticus strains (1 1, 12) to rat strain

SHR (spontaneously hypertensive rats) have been reported.

Yamamoto et al (1 1) reported that the supematant fraction of the

milk fermented by L he/veticus showed an antihypertensive effect

but the precipitated fraction was not effective in SHR rats. Re-

cently, two tripeptides that are inhibitors of angiotensin I-convert-

ing enzyme (ACE) were isolated from the sour milk and were

identified as valine-proline-proline (Val-Pro-Pro) and isoleucine-

Pro-Pro (Ile-Pro-Pro) (13). Furthermore, the tripeptides had an
antihypertensive effect after a single, oral administration in SHR

rats (10). It is known that the renin-angiotensin system plays an
important role in regulating blood pressure. ACE, the key enzyme

in this system, catalyzes the formation of the potent vasopressor

angiotensin II from angiotensin I (14). Several ACE inhibitory

substances have been developed and are used as pharmaceuticals
for essential hypertension (15).

SUBJECTS AND METHODS

Subjects

A total of 36 hypertensive subjects aged 40-86 y, who were
outpatients of the clinic at the Department of Medicine and

Gerontology, Kyorin University School of Medicine, Tokyo,
were studied. Exclusion criteria were known secondary causes

of hypertension, lactose intolerance, cow milk allergy, alcohol

abuse, and other serious diseases. Although 32 subjects were

treated with antihypertensive medicines, the doses and kinds of
medicines used did not change throughout the trial. This study

was approved by the Ethical Committee of the Japanese Soci-

ety of Nutrition and Food Science. All subjects gave informed
consent.

Trial design

Blood pressure and serum biochemical indexes were mea-
sured multiple times within 4 wk before treatment, and their

averaged values were taken as baseline values. Subjects were

randomly assigned to receive daily either 100 mL sour milk

I From the Department of Medicine and Gerontology, Kyorin University

School of Medicine, Tokyo, and the Research and Development Center,

The Calpis Food Industry Co, Ltd. Kanagawa, Japan.
2 Address reprint requests to T Takano, Research and Development

Center, The Calpis Food Industry Co. Ltd. 5-1 1-10, Fuchinobe, Sagami-

hara, Kanagawa 229, Japan.

Received January 22, 1996.
Accepted for publication July 16, 1996.

 by on D
ecem

ber 16, 2009 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


768 HATA El AL

drink or an acidified milk drink as a placebo for 8 wk. After
treatment began, blood pressure was measured and blood sam-

ples were analyzed every 4 wk at the hospital. Compliance was

monitored by interviewing subjects at each hospital visit.

Supplementary drinks

The sour milk was prepared as previously reported (13), with

some modification. Reconstituted 9% (by wt) skim milk (Yotsuba,

Hokkaido, Japan) was pasteurized, inoculated with 3% (by wt)
starter culture containing mainly L helveticus and S. cerevisiae,

and fermented at 37 #{176}Cfor 22 h. This fermented milk was used as

sour milk and also as the starter. At the end of fermentation, the

cell counts ofL helveticus and S. cerevisiae were �7.0 X 101 1 and

2.5 X 109/L, respectively. Aspartame (0.05% by wt; AJINO-

MOTO, Tokyo) and 0.1% flavorings were added to the sour milk,

homogenized at 150 kg/cm2, dispensed in 100-mL glass bottles,
and finally pasteurized at 80 #{176}Cfor 10 mm. One hundred millili-

tern of this drink contained 95 mL of the sour milk. Artificially
acidified milk was prepared by adding 2.3% d,l-lactic acid to skim

milk to adjust the acid content to that of the sour milk; this placebo
drink was prepared in the same way as was the sour-milk drink.

Both drinks had a similar nutritional composition except for car-
bohydrate and energy contents, which differed because lactic acid

was added to the artificially acidified milk drink (Table 1). The

contents of the ACE inhibitory peptides Val-Pro-Pro and ile-Pro-

Pro in supplementary drinks were determined by using the method
of Masuda et al (16). Val-Pro-Pro and fle-Pro-Pro were present in
the sour milk drink but were not detectable in the placebo drink.

Measurements

Blood pressure was measured once between 0900 and 1000

at the hospital on the right arm with a random zero sphygmo-

manometer (BP-203 RV-II; Nippon Cohn Co, Tokyo) with
subjects in the sitting position after 5 mm rest. All measure-
ments were performed by one registered nurse who was blind

to the treatment assignments. Subjects were weighed at each
visit while wearing indoor clothing and no shoes. After blood
pressure was measured, blood samples were taken by the

TABLE 1

Composition of sour milk and placebo (acidified milk) drinks’

Sour-milk drink Placebo drink

Protein (g) 3.0 3.0

Carbohydrate (g) 3.9 6.2

Ash (g) 0.7 0.6

Fat (g) ND ND

Fiber (g) ND ND

Moisture (g) 92.4 90.2

Energy (kJ) 1 17.2 154.8

Potassium (mg) 145.0 148.0

Calcium (mg) 106.0 106.0

Phosphorus (mg) 87.6 83.4

Sodium (mg) 38.2 39.4

Iron (mg) 0.1 0.2

VPP peptide (mg)2 1 .5 ND

IPP peptide (mg)2 I . I ND
‘ Composition per 100 g of supplementary drink. ND, not detectable.

2 Content of the angiotensin I-converting enzyme (ACE) inhibitory

peptides Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP) were determined by the

method of Masuda et al (16).

registered nurse. Serum biochemical indexes were analyzed at

the clinical laboratory of the hospital.

Statistical analysis

All values are expressed as means ± SEMs. Significance of

changes in values from baseline values were tested by paired t

tests. Student’s t test was used for comparisons between the

sour-milk and placebo groups and Student’s t test and Wilcoxon’s
rank-sum test were used to determine significant differences in

changes in blood pressure between the two groups. The chi-square

test was used to compare the frequency of incidence in the kind

and number of drugs used between the two groups. All results

were considered to be significant at P < 0.05. Statistical analyses

were performed by using the computer program YUKMS STA-

TISTICAL LIBRARY I (Yukms Corp. Tokyo).

RESULTS

Compliance and side effects

Thirty-six subjects were randomly assigned to either the
sour-milk group and the placebo group. Three male and three

female subjects did not complete the study. The reasons for
noncompliance were either failure to attend a visit during the

treatment period for personal reasons not related to health
conditions (two males in the sour-milk group and one male and

one female in the placebo group) or failure to consume the
drink (one female in the sour-milk group and one female in the
placebo group). The data for these subjects were excluded. The
number of subjects completing the study was as follows: 17 (4

males and 13 females) in the sour-milk group and 13 (4 males
and 9 females) in the placebo group. Although a few symp-
toms, including stomachache (one male in the sour-milk group)
and diarrhea (one male and one female in the placebo group),
were recorded during treatment, these symptoms were not

attributed to the treatment. Improvement of constipation was

observed for two subjects in the sour-milk group.

Subject characteristics

The clinical characteristics of the subjects are shown in

Table 2. There were no significant differences in sex and age
distributions between the sour-milk and placebo groups. Body
weight and body mass index were significantly higher in the
placebo group. The mean systolic blood pressure (SBP), dia-

stolic blood pressure (DBP), and pulse rate were not signifi-
cantly different between the two groups, although the mean

SBP in the sour-milk group tended to be slightly higher than
that in the placebo group. Twenty-six subjects in compliance
were receiving antihypertensive medication, primarily calcium

antagonists, n-blockers, diuretics, and ACE inhibitors. There
were no significant differences in the incidence of medication
use between the two groups, although four subjects used di-

uretics in the sour-milk group but none used diuretics in the
placebo group. There were no significant differences in the

number of combined antihypertensive drugs used between the
two groups. Serum biochemical indexes were not significantly

different, except for total cholesterol in the placebo group,
which was significantly higher than that in the sour-milk group

(Table 3).
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TABLE 2

Clinical characteristics of the two groups’

Sour-milk group
(nl7)

Placebo group
(n13)

Male 4 4

Female 13 9

Age (y) 76.5 ± 7.4 73.0 ± 10.6

Body weight (kg) 46.0 ± 2.0� 52.1 ± 2.1

Body mass index (kg/m2) 19.1 ± 073 21.9 ± 0.7

Systolic blood pressure (mm Hg) 158.5 ± I 1.1 150.9 ± 9.5

Diastolic blood pressure (mm Hg) 88.7 ± 9.4 87.0 ± 9.1

Pulse rate (beats/mm) 82.3 ± 14.3 80.9 ± 13.8

Drugs used

Calcium antagonist 1 1 9

�3-Blocker 3 4

ACE inhibitor 2 3

Diuretics 4 0

Others 3 3
Number of drugs used

None 1 3

One 9 5
Two 4 3

Three or more 3 2

‘ i ± SEM. ACE, angiotensin I-converting enzyme.
2.3 Significantly different from placebo group: 2 p < 0 .05, -� p < 0.01.

Body weight and serum biochemical variables

Changes in body weight, serum lipids, and other serum bio-

chemical indexes after treatment are shown in Table 3. Body
weight did not change significantly after either treatment, and

there were no significant differences in biochemical and hemato-

logic indexes between the two groups. Glucose and total protein

decreased slightly but significantly in the sour-milk group. For

both groups, there were no significant changes from baseline

values in other biochemical indexes, including total and HDL

cholesterol, triacylglycerols, blood urea nitrogen, uric acid, creat-

mine, glutamic oxaloacetic transaminase, glutamic pyruvic

transaminase, y-glutamyltranspeptidase, lactate dehydrogenase,

sodium, potassium, and chloride. Hematologic variables such as

hemoglobin and red blood cell and platelet counts did not change

significantly from baseline in either group.

Blood pressure response

Changes in SBP, DBP, and pulse rate during the experimen-

tal period are shown in Figure 1. The decrease in SBP and

DBP in the sour-milk group tended to be greater than that in the

placebo group. At 4 and 8 wk, SBP decreased significantly by

9.4 ± 3.6 mm Hg (P < 0.05) and 14.1 ± 3.1 mm Hg (P <

0.01), respectively, from baseline in the sour-milk group. In

contrast, SBP in the placebo group did not change significantly

from baseline during treatment (-4.0 ± 2.4 and -4.4 ± 3.6

mm Hg at 4 and 8 wk, respectively). DBP decreased signifi-

cantly by 6.6 ± 2.5 mm Hg (P < 0.05) at 8 wk after treatment
with sour milk. Slight decreases in DBP were seen during

treatment with placebo (1.4 ± 1.7 and 2.2 ± 1.9 mm Hg at 4

and 8 wk, respectively), but these changes were not significant.

Four weeks after treatment ended, the significant decreases in

SBP and DBP at the endpoint of treatment were maintained in

the sour-milk group. Pulse rate did not change significantly

during the experimental period in either group.

TABLE 3

Changes in body weight, serum lipids, and other serum biochemical variables after treatment with sour milk and placebo’

Sour-milk group Placebo group

Intraindividual Intraindividual

Baseline After treatment difference Baseline After treatment difference

Body weight (g) 46.0 ± 2.0 [17]2 45.8 ± 2.42 -0.2 ± 0.2 52.1 ± 2.1 [13] 49.6 ± 2.1 -0.0 ± 0.2

TC (mmollL) 4.87 ± 0.22 [l6]2 4.72 ± 0.212 -0.16 ± 0.10 5.60 ± 0.20 [13] 5.45 ± 0.26 -0.14 ± 0.17

Triacylglycerol (mmol/L) 1.27 ± 0.01 [16] 1.15 ± 0.16 -0.12 ± 0.07 1.46 ± 0.25 [13] 1.32 ± 0.21 -0.15 ± 0.20
HDL-C (mmollL) 1.56 ± 0.13 [15] 1.42 ± 0.1 1 -0.14 ± 0.07 1.70 ± 0.13 [13] 1.78 ± 0.16 0.09 ± 0.11

Glucose(mmol/L) 5.3 ±0.3[l6] 5.0± 0.3 -0.3 ±0.l� 5.3 ±0.2[l3] 5.3 ± 0.2 -0.04 ± 0.1
Potassium (mmolIL) 4.2 ± 0.1 [16] 4.3 ± 0.1 0.1 ± 0.1 4.1 ± 0.1 [12] 4.0 ± 0.1 0.0 ± 0.1

Sodium (mmol/L) 140 ± I [16] 139 ± 1 -1 ± 0.2 140 ± 1 [12] 139 ± 1 -1 ± I

Chloride (mmollL) 102 ± I [16] 101 ± 1 -0.2 ± 1 102 ± 0.4 [12] 102 ± 1 0 ± 1

BUN (mollL) 5.9 ± 0.4 [16] 6.3 ± 0.5 0.4 ± 0.3 5.4 ± 0.4 [13] 5.6 ± 0.3 0.2 ± 0.2
Uric acid (,tmolIL) 286 ± 18 [16] 292 ± 12 6 ± 12 309 ± 30 [13] 303 ± 24 -6 ± 12

Creatinine (MmolIL) 97 ± 9 [16] 97 ± 9 9 ± 4 88 ± 4 [13] 88 ± 4 0 ± 0

TP(g/L) 75±I[I6] 74±2 -l±l� 73±l[l3] 72±1 -1±1

GOT(U/L) 28±5[l6] 30±6 2±4 22±2[I2l 24±2 3±1

GPT(U/L) 2l±6[16] 22±7 1±6 l7±3[llJ 21±4 5±3

y-GTP(U/L) 23±3[l6] 24±3 0.3±1 32±8[l2] 36±12 4±4
LDH (UIL) 378 ± 12 [16] 374 ± 14 -5 ± 8 386 ± 20 [12] 390 ± 23 4 ± 13

Hemoglobin (g/L) 131 ± 3 [16] 129 ± 3 -2 ± 2 133 ± 4 [12] 132 ± 4 -2 ± 2

RBC (Xl0’2/L) 4.2 ± 0.1 [16] 4.1 ± 0.1 -0.04 ± 0.04 4.3 ± 0.1 [12] 4.2 ± 0.1 -0.04 ± 0.1
Platelet count (X109/L) 233 ± 2 [16] 23 ± 2 -0.2 ± 1 26 ± 2 [12] 25 ± 1 -1 ± I

‘ i ± SEM; n in brackets. The 4- and 8-wk measurements were averaged. TC, total cholesterol; HDL-C, HDL cholesterol; BUN, blood urea nitrogen;

TP, total protein; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; y-GTP, y-glutamyltranspeptidase; LDH, lactate
dehydrogenase; RBC, red blood cell.

2 Significantly different from placebo, P < 0.05.
3 Significantly different from baseline, P < 0.05.
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FIGURE 1. Changes in systolic blood pressure (SBP), diastolic blood

pressure (DBP), and pulse rate of subjects during treatment for 8 wk with

sour milk (LI) and placebo (U). The 4- and 8-wk measurements were

averaged for the sour-milk (0) and placebo (#{149})groups. i ± SEM; n in

brackets. Significantly different from baseline value: * P < 0.05, ** P <

0.01.

DISCUSSION

This study showed the antihypertensive effect of Calpis sour

milk in hypertensive subjects, most of whom were taking antihy-

pertensive medications. SBP and DBP decreased significantly

after ingestion of the sour milk for 4 and 8 wk. However, no

significant change was observed after ingestion of the unfer-

mented acidified milk (placebo). Epidemiologic studies (17, 18)
and intervention trials (3) suggested an inverse relation between
calcium intake and blood pressure. Although milk contains a

considerable amount of calcium, its content was the same in both

drinks and the amount of calcium ingested in this study was far
lower than the dose that was effective in lowering blood pressure
in previous reports (3). Thus, the blood pressure-lowering effect

of sour milk may be attributed to factors other than calcium.
Recently, the antihypertensive effect of the extract of autologous

L casei cell lysate was reported in animal models (19-21) and
humans (22). However, neither the effect of intact cells nor that of
heat-treated cells was reported. In addition, the supernatant frac-

tion of the milk fermented with L he/veticus, which was isolated

from Calpis sour milk, showed an antihypertensive effect but the
precipitated fraction, which contains cells of L he/veticus, was not

effective in SHR rats (11). The sour milk used in this study

contained two kinds of tnipeptides (Table 1) that are inhibitors of
ACE, and the sour milk and the tripeptides have antihypertensive
activity in SHR rats (10). Moreover, these tripeptides have been

isolated from the aorta of rats after oral administration with sour

milk (16). These tnipeptides are likely to be the effective compo-

nents in humans as well, although there is no direct proof.

In this study the dose of sour milk was �2 mlfkg body wt,

which corresponded to a dose of 0.033 mg Val-Pro-Pro and 0.025

mg He-Pro-Pro/kg body wt. This dose seems insufficient to cause

an antihypertensive effect in SHR rats (10). Masuda et al (16)

detected the tnipeptides in the aortas of SHR rats after adminis-

tration of the sour milk; they suggested that this might have led to
the decrease in SBP. This observation prompted us to speculate

that the effect of the tnipeptides might have correlated with the

dose per surface area of aorta. When estimated body surface area

(23) was used, the dose in this study corresponded to 1.1 mg

Val-Pro-Pro and 0.80 mg Ile-Pro-Pro/m2 surface area. When this

value was calculated back to the dose in SHR rats and specific

ACE inhibitory activities of the tnipeptides were taken into con-

sideration, the value corresponded to a dose of 0.33 mg Val-Pro-

Pro and 0.17 mg Ile-Pro-Prolkg body wt. It is not surprising that

an antihypertensive effect would be observed in SHR rats at this

dose (10).

Most of the subjects in both the sour-milk and placebo

groups were taking antihypertensive medications, mainly cal-

cium antagonists, �3-blockers, and ACE inhibitors. Therapy

with a combination of ACE inhibitors and other medicines has

been tried and has been known to be effective in hypertensive

subjects (24-27). This observation was confirmed by the re-

sults of the present study. In a stratified analysis, by the kind of

antihypertensive medication used, the blood pressure of the
subjects in the sour-milk group who received the calcium

antagonist was significantly lower than that in the placebo
group (data not shown). The blood pressure of two subjects in

the sour-milk group who received ACE inhibitors tended to be
lower than their baseline values (by 26.5 and 20.5 mm Hg), and
the blood pressure of three subjects in the placebo group did
not change largely (by 10, -4, and -3.5 mm Hg). A similar
tendency was observed for the other medicines taken, although

the number of subjects was too small for statistical analyses.

ACE inhibitory tripeptides might have had an antihypertensive

effect in addition to these medicines, including ACE inhibitor.

A similar tendency was observed when the blood pressure

response was compared between the groups in a statistical

analysis according to the number of antihypertensive medicines

used (Table 2).

Blood pressure remained decreased 4 wk after the daily
ingestion of sour milk ended. Maintenance of decreased blood

pressure after the discontinuation of long-term administration

of antihypertensive substances, including ACE inhibitors, has

been observed in humans (28-30). The present results showed
a similar tendency.

In this study there were no significant differences in serum

total and HDL cholesterol or triacylglycerol concentrations
between the sour-milk and placebo groups. Some antihyper-

tensive medications, particularly diuretics and �3-blockers, are

known to increase serum cholesterol and triacylglycerol con-

centrations and to decrease high-density-lipoprotein cholesterol
(3 1-33). Thereafter, ACE inhibitors as well as calcium antag-
onists were developed as antihypertensive medications, which

have no adverse effects on serum lipid metabolism. Moreover,
captopril, a typical ACE-inhibitory medicine, was reported to
show improvement of insulin sensitivity in insulin-resistant

hypertensive patients (34, 35). It is reasonable that the sour
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milk, which contains ACE inhibitory peptides as antihypertensive

substances, did not have adverse effects on serum lipid metabo-

lism. Additionally, side effects of ACE inhibitors-including
cough, fever, exanthem eruption, and leukopenia-have been

reported (36, 37). In this study, no marked changes were observed

in any of the hematologic or clinical chemistry indexes measured,

including serum potassium content. Additionally, no other side
effects were perceived by any of the subjects, including two

subjects taking ACE inhibitors as medication. Ondetti et al (15)

designed captopril as a markedly potent and specific inhibitory
compound to ACE. Its inhibitory activity with ACE in vitro is far

higher than that of the tripeptides Val-Pro-Pro or Ile-Pro-Pro in
sour milk (13, 15, 38). We speculate that the reason why the sour
milk showed antihypertensive activity without causing side effects

is because sour milk had a milder pharmacologic activity than

captopril and because the dose of the sour milk in this study was

appropriate.
In conclusion, results of this placebo-controlled study suggest

that supplementation of the diet daily with sour milk is a practical

and useful way for humans to reduce hypertension. U

We thank Osamu Masuda and Chiyoko Aoki at the Research and

Development Center, The Calpis Food Industry Co. Ltd. Japan, for pre-
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Antihypertensive effects of liquid yogurts containing 
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In the present study, a placebo-controlled, double-blind study was conducted to investigate 
hypotensive effects of the daily intake of liquid yogurts containing “lactotripeptides (Val-Pro-Pro, 
Ile-Pro-Pro)” in individuals who had mild hypertension without treatments with internal drugs.  
Subjects were randomly assigned to two groups (test group; male/female =16/15, mean 51 + 11 years 
old, systolic blood pressure (SBP）/diastolic blood pressure （DBP）=148 + 9/94 + 7 mmHg, placebo 
group; male/female =17/16, mean 49 + 11 years old, SBP/DBP=148 + 9/95 + 7 mmHg). One ingested 
1 bottle twice a day in the morning and evening (1 bottle = 150g, total 2 bottles per day) and the other 
one ingested the same amount of placebo drink for 8 weeks.  The decrease in SBP and DBP in the test 
group was significantly greater than the placebo group.  In the test group, SBP decreased significantly 
after 1 and 8 wk of treatment, by 8.4 + 9.0 mmHg (p<0.001) and 13.9 + 11.4 mmHg (p<0.001), 
respectively, and DBP also decreased significantly after 1 week and 8 weeks of treatment, by 6.0 + 5.9 
mmHg(p<0.001) and 9.1 + 7.5 mmHg (p<0.001), respectively, as compared to those before the starts 
of intake.  Adverse effects such as dry cough, digestive tract symptoms or abnormal changes were not 
observed.  No marked changes were observed in blood serum markers and uric analysis. 
 
Key words: lactotripeptides, yogurt, mild hypertension, sour milk, antihypertensive effects 
 
 
 
１． Introduction 
 Hypertension is considered to be a risk 
factor for cardiovascular disease, and efforts to 
maintain blood pressure within the normal range 
are important in preventing that disease.  
Non-pharmacological therapies, including 
dietary sodium reduction, weight reduction and 
moderation of alcohol consumption, have been 
recognized as being effective in lowering blood 
pressure1)2).  At the early stage of therapy, these 
methods are used to prevent and treat 
cardiovascular diseases.  In recent years, the 
utilization of functional foods having an 
antihypertensive effect has attracted attention as 
a new means of achieving the above objectives.   
 Sour milk fermented by Lactobacillus 
helveticus (L. helveticus) is known to have an 
antihypertensive effect3)-5).  Key components for 

this action were reported to be two tripeptides 
(Val-Pro-Pro [VPP] and Ile-Pro-Pro [IPP]) that 
have angiotensin I-converting enzyme (ACE) 
inhibitory activity6).  ACE activity of the 
abdominal aorta of spontaneously hypertensive 
rats (SHR) was elevated ten-fold compared to 
that of Wistar Kyoto rats having normal blood 
pressure 7).  In SHR administered sour milk 
there was a significant and specific decrease in 
abdominal aorta ACE activity7)8).  Moreover, 
since both VPP and IPP were detected from the 
extract of aorta7), these two tripeptides are 
thought to be involved in the tissue 
renin-angiotensin system as part of the blood 
pressure lowering mechanism of sour milk.  
With respect to humans, an 8-week continuous 
ingestion study using sour milk was conducted 
on hypertensive patients, the results of which 
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confirmed a significant decrease in blood 
pressure9).  Moreover, the authors conducted an 
8-week continuous ingestion study using a sour 
milk drink on subjects having mild or moderate 
hypertension and confirmed a significant 
decrease in blood pressure10).  The drink made 
from sour milk is permitted to be labeled as a 
“FOOD FOR SPECIFIED HEALTH USE” by 
the Ministry of Health, Labor and Welfare, and 
is currently used by consumers.   

To confirm the effect of a newly 
developed liquid yogurt, we conducted a 
placebo-controlled, double-blinded, and 
parallel-comparative study on Grade-1 
hypertensive subjects. 
 
 
２．Materials and Methods 
 
1) Supplementary drink 
 
 Liquid yogurt containing the 
“lactotripeptides (VPP and IPP)” was 
manufactured according to the method 
described below.  (i) Sour milk was prepared by 
adding a starter containing L. helveticus and 
Saccharomyces cerevisiae (S. cerevisiae) to 
reconstituted 9% (w/w) skim milk followed by 
fermentation.  (ii) L. helveticus CM4-fermented 
milk was prepared similarly by fermentation 
using L. helveticus CM4 as the starter.  Both 
fermented milks were then mixed together.  (iii) 
Fermented milk was prepared similarly by 
fermentation using the starter consisting of 
Lactobacillus delbrueckii bulgaricus (L. 
bulgaricus) and Streptococcus thermophilus (S. 
thermophilus)   This fermented milk was 
additionally mixed with the above-described 
fermented milk.  Stabilizer, sweetener, and 
flavors were then added to this to prepare a 
liquid yogurt (test drink).   
     As a control drink, stabilizer, sweetener, and 
flavors were added to milk that was fermented 
using a starter consisting of L. bulgaricus and S. 
thermophilus to prepare a liquid yogurt having 
the same taste and composition as the test drink 
(placebo drink).  The composition of both drinks 
is shown in Table 1.  The nutritional 
composition of these two drinks was similar 
except for the presence of VPP and IPP peptides 
in the test drink. 
 
2) Experimental Schedule and Intake 
Method     

 
     This was a double-blinded and 
placebo-controlled group study over a total 
period of 14 weeks, consisting of a 
pre-observation (non-intake) period of 2 weeks, 
an intake period of 8 weeks and a 
post-observation (non-intake) period of 4 weeks 
(Fig. 1).  Subjects ingested one bottle (150 g per 
bottle) of the supplementary drink twice a day, 
after breakfast and dinner.  They were instructed 
not to change their lifestyle, including diet and 
exercise, other than ingesting the supplementary 
drink twice daily at a fixed interval and record 
the condition of their health. 
 
3) Study Subjects  
 

Blood pressure of all subjects was 
measured during the period of 3 months before 
the study.  The study subjects had blood 
pressure categorized according to Grade 1 (mild 
hypertension; systolic blood pressure [SBP], 
140-159 mmHg; diastolic blood pressure [DBP], 
90-99 mmHg) according to the definition of 
WHO/ISH (1999).  No medication was 
prescribed for blood pressure regulation.  Those 
who were necessary urgently to treat with 
antihypertensive medicine were excluded.  
Those with lactose intolerance or milk allergy 
were excluded.  Furthermore, those who were 
considered unsuitable by a medical doctor were 
excluded (Fig. 2).  Initially 70 subjects had 
agreed to participate in the study and were 
divided into two groups matched according to 
SBP, DBP, age, and gender.  However, of the 
original 70 subjects, 6 were excluded before 
key-open; 3 did not come to the hospital at the 
appointed time and 3 asked to withdraw from 
the study.  A follow-up survey by the doctor in 
charge revealed that these reasons were personal 
and irrelevant to the test substance.  Finally, 64 
subjects were judged eligible for analysis (33 
men, 31 women; aged 50 + 11 years).  The 
characteristics of the subjects in the two groups 
are shown in Table 3.  The test and placebo 
groups were not significantly different with 
regard to gender, age, body weight, height, body 
mass index (BMI), blood pressure, and pulse 
rate. 
     The study was approved by the Institutional 
Review Board of the Institute of General 
Medical Science.  According to the doctrine of 
the Helsinki Declaration (adopted in 1964, and 
modified in 1975, 1983, 1989, 1996, and 2000), 
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the physician provided a detailed explanation of 
the purpose of the research and the methods to 
be employed.  All subjects gave written 
informed consent.  
 
4) Measurements 
 
(1) Blood Pressure and Pulse Rate  
     Blood pressure and pulse rate were measured 
a total of 10 times: three times during the 
pre-observation period (at 2 and 1 weeks before 
ingestion, and just before the beginning of 
ingestion), five times during the intake period 
(at 1, 2, 4, 6, and 8 weeks after ingestion), and 
two times during the post-observation period (at 
2 and 4 weeks after the ingestion of drinks 
ended).  A nurse measured blood pressure using 
a sphygmomanometer as well as pulse rate of 
the subjects.  Subjects were directed to visit the 
appointed medical institution during the period 
from 7:00 a.m. to 10:30 a.m. except on the day 
of blood sampling.  Subjects were also 
instructed to visit medical institution in a fasting 
state (i.e. without ingesting the supplementary 
drink).  Blood pressure of the left upper arm was 
measured 3 times at an interval of 1 minute with 
the subject fully clothed except for shoes and in 
a supine position after a rest period of more than 
30 minutes. Of the 3 measurements of SBP, the 
median value was taken as the blood pressure 
for that day.  During the intake period, subjects 
were directed to visit the hospital without 
ingesting the supplementary drink and then to 
take it after their measurements were completed. 
 
(2) Clinical data 
     Height was measured 2 weeks before the 
intake period.  The measurement of body weight 
was carried out at the visiting day of clinic.  
Blood tests and urinalysis were performed just 
before the beginning of the intake of 
supplementary drinks and on the day of intake 
termination (8 weeks).  The blood samples were 
taken after overnight fast.  Blood examination 
and urinalysis were done in the Sakai 
Biomedical Research Lab Co., Ltd. (Osaka).  

1. Hematological test 
Number of white blood cells, red blood 
cells, hemoglobin, hematocrit, MCV, MCH, 
MCHC, and platelets.  

2. Serum biochemical test 
Total protein, albumin, A/G, total bilirubin, 
GOT, GPT, ALP, LDH, γ-GTP, total 
cholesterol, triglyceride, HDL-cholesterol, 

uric acid, uric nitrate, creatinine, Na, Cl, K, 
Ca , glucose and hemoglobin A1C. 

3. Urinalysis (paper test) 
Glucose, protein, urobilinogen and occult 
blood 

 
(3) Medical Examination and Questioning 
     During the experimental period, physical 
examination and questioning were carried out 
by a physician (10 times in total) at visiting day 
of clinic and the symptoms such as dry cough, 
digestive tract symptom, and exanthema were 
investigated. 
 
5) Statistical Analyses  
 

All measured values were shown by 
means + standard deviation.  Two-way ANOVA 
was used for group comparisons of changes in 
blood pressure or pulse rate during the intake 
period, and was used to analysis the possible 
group effect, time effects, and group-time 
interaction for blood pressure or pulse rate.  In 
addition, Dunnett's multiple comparison test 
was used for comparison of blood pressure 
values before and after ingestion.  The paired t 
test was used to assess variations in hematology 
test values and BMI among the subjects.  The t 
test was used for comparisons between groups.  
The SPSS Ver.10 (SPSS Inc. Co., Ltd.) was used 
for statistical analyses.  A p < 0.05 with two-tail 
test was considered to be statistically 
significant. 
 
 
3. Results 
 
1) Blood pressure and pulse rate 
 
     Figure 2 shows changes in blood pressure in 
the test and placebo groups.  By two-way 
ANOVA, an interaction was recognized 
between the drinks taken and its duration in 
regard to SBP.  Pattern of SBP changes in the 
test group differed significantly from that in the 
placebo group during the ingestion period 
(p<0.05).  In the test group, SBP decreased 
significantly from 148.2 + 7.9 mmHg at 0 week 
to 139.8 + 10.5 mmHg at 1 week after ingestion.  
As shown in Fig. 2, this antihypertensive effect 
in the test group was maintained throughout the 
intake period, with the SBP value being 134.3 + 
12.0 mmHg 8 weeks later (Dunnet test : 
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p<0.001).  A slight decrease in SBP from the 
pre-observation value was observed in week 2 
following completion of ingestion, but that 
decrease was not statistically significant.  The 
SBP returned to the initial value 4 weeks after 
the end of the ingestion period.  In contrast, no 
significant changes in SBP were observed in the 
placebo group throughout the ingestion period.  
The differences in SBP between the test group 
and placebo group at 1, 2, 4, 6 (p<0.01) and 8 
weeks (p<0.001) after ingestion were 
statistically significant (Fig. 2).  
     By two-way ANOVA, an interaction was 
also recognized between the ingestion of the test 
drink and duration in regard to DBP, with the 
pattern of DBP changes differing significantly 
from that in the placebo group during the 
ingestion period (p<0.05).  In the test group, 
DBP was significantly decreased from 93.3 + 
7.1 mmHg at 0 week to 87.3 + 8.8 mmHg at 1 
week after ingestion (p<0.001).  This 
antihypertensive effect was maintained 
throughout the intake period and the value 
reached 84.2 + 9.0 mmHg 8 weeks later (Dunnet 
test: p<0.001, Fig. 2).  Two weeks after 
completion of the ingestion period, the DBP had 
returned to the initial value.  In contrast, DBP 
was nearly unchanged throughout the study 
period in the placebo group.  The differences 
between the DBP in the test and placebo groups 
were statistically significant at 1, 2, 4, 6 and 8 
weeks after ingestion (p<0.01, Fig. 2). 
     With regard to blood pressure changes from 
the initial value (at 0 week), SBP in the test 
group significantly decreased by -8.4±9.0 
mmHg at 1 week after ingestion.  This decrease 
was statistically significant in comparison with 
that in the placebo group (0.8± 8.8 mmHg) 
(p<0.001, Table 4).  The decreases in SBP were 
–9.1±8.8, -12.6±10.7, -12.3±12.5 and 
–13.9±11.4 mmHg at 2, 4, 6 and 8 weeks after 
ingestion, respectively, in the test group.  All of 
these values were significantly lower than those 
of corresponding periods in the placebo group 
(-1.4±9.9, -3.6±10.8, -3.1±10.3 and –0.9±9.7 
mmHg at 2, 4, 6 and 8 weeks, respectively, after 
ingestion of the placebo drink; p<0.01, p<0.01, 
p<0.01 and p<0.001, respectively.).  
     The DBP values in the test group were 
-6.0±5.9, –6.6±5.7, -8.8±7.9, -9.1±9.0, and 
–9.1±7.5 mmHg at 1, 2, 4, 6 and 8 weeks after 
ingestion of the test drink, respectively, and 
significantly lower than the corresponding 
values of the placebo group (0.4±7.3, 0.9±7.0, 

-1.9±7.4, -2.0±6.1 and –0.7±7.4 mmHg, 
p<0.001).  No statistically significant 
differences in SBP and DBP were observed 
between both groups at 2 and 4 weeks after 
ingestion ended 
     By two-way ANOVA, an interaction was not 
apparent between the ingestion of the test drink 
and duration of ingestion with regard to pulse 
rate.  A statistically significant difference in 
pulse rate was observed between the test and 
placebo groups at 2 weeks after ingestion.  
However, because of its temporary nature, this 
change was not considered to have clinical 
implications.  
 
2) BMI, Hematology Tests and 
Urinalysis 
 
 There were no significant changes in BMI 
in either the test group or placebo group during 
the intake period (Table 5). 
 The results of hematology and blood 
biochemistry tests performed before ingestion (0 
week) and on the final day of the ingestion 
period (8 week) are shown in Tables 5 and 6.  
Significant variations were observed in the test 
group before and after ingestion with respect to 
A/G ratio, creatinine, Na, K, GOT, total 
bilirubin and hemoglobin A1C.  In the placebo 
group, significant variations were observed in 
hematocrit values, total protein, creatinine, Na, 
K, total cholesterol and hemoglobin A1C.  
However, changes in all of these measured 
parameters were in the same direction in both 
groups and these variations were not abnormal.  
There were no significant differences observed 
in these variations between the groups.   
     With respect to the results of urinalyses 
performed before and after ingestion, there were 
no abnormal variations observed in glucose, 
protein, urobilinogen or occult blood values in 
either group.   
 
3) Medical Examination and 
Questioning 
 
 There were no abnormal symptoms 
including dry coughing, gastrointestinal 
symptoms and skin symptoms thought to be 
attributable to the test drink observed 
throughout the intake period.  Also there were 
no abnormal symptoms in named 6 subjects that 
were excluded from the study. 

 4



4. Discussion 
 
 This study assessed the antihypertensive 
effects of liquid yogurt containing 
lactotripeptides （VPP and IPP） in Grade-1 
hypertensive subjects who were not taking 
medication including any depressors.  The SBP 
in the test group decreased significantly 1 week 
after ingestion compared with the initial value.  
These low values were maintained from 4 weeks 
to 8 weeks after ingestion.  When ingestion was 
discontinued, SBP exhibited a tendency to 
return to initial values after 2 weeks.  Similar 
findings were observed for DBP.  On the other 
hand, no significant variations in blood pressure 
were observed in the placebo group throughout 
the intake period.  Thus, ingestion of liquid 
yogurt containing lactotripeptides (VPP and 
IPP) resulted in statistically significant 
decreases in both SBP and DBP, thereby 
indicating an antihypertensive action in 
hypertensive subjects.  These results also 
suggested that the test liquid yogurt could 
maintain the lower blood pressure values in 
persons with mild hypertension not being 
treated with antihypertensive medications.
 No unusual variations in results of blood 
component analysis or urinalyses were observed 
before and after ingestion.  Significant 
differences were observed in some hematology 
tests before and after ingestion, but these 
variations were judged to be medically 
immaterial.  For example, significant changes in 
hematocrit values, MCV, and potassium values 
may have occurred due to differences in the time 
required from blood sampling (8:30-11:00 AM) 
until measurement at the commissioned testing 
facility, depending on the day on which blood 
samples were collected.  Since all of these 
changes were within normal range and were 
observed in both groups, they were not 
attributed to the test drink.  In addition, medical 
examinations during the study period revealed 
no symptoms of the adverse reactions known to 
be associated with ACE inhibitors, examples of 
which include dry cough and gastrointestinal 
and skin symptoms.  These results suggested 
that the test drink used in this study had no 
detrimental effects, and that its continued 
ingestion could be considered highly useful in 
generating mild antihypertensive effects.  
 The author had previously conducted 
clinical studies using fermented milk similar to 
that used in this study: a sour milk drink 

prepared by mixing milk fermented using a 
starter containing L. helveticus and S. cerevisiae, 
and milk fermented using L. helveticus CM4 as 
a starter10)11).  In these studies, mild or moderate 
hypertensive subjects ingested sour milk drinks 
for 8 weeks, with an  antihypertensive effect 
demonstrated10)11).  It was reported that two 
tripeptides, VPP and IPP, that inhibit ACE 
activity were produced in the sour milk6).  These 
peptides were determined to be the components 
involved in the antihypertensive action of sour 
milk in animal studies using spontaneously 
hypertensive rats (SHR)5)7)8).   In the current 
placebo-controlled comparative study, a placebo 
drink was prepared with a composition almost 
identical to that of the test drink, with the 
exception of the inclusion of lactotripeptides 
(VPP and IPP).  Although a lowering of blood 
pressure was observed in the test group, 
virtually no changes in blood pressure were 
observed in the placebo group.  In fact, a 
statistically significant difference was observed 
between the two groups.  Therefore, 
lactotripeptides (VPP and IPP) were considered 
to be the effective components in the liquid 
yogurt in this study.   
 In another study conducted previously by 
the authors10)11), subjects ingested a sour milk 
drink once in the morning.  In the current study, 
although the amount of lactotripeptides ingested 
was set to be the same per day as in the previous 
study, administration was divided between 
morning and evening.  In the present study, 
however, blood pressure following ingestion 
decreased significantly as compared with the 
placebo group.  On the basis of this result, a 
drink containing lactotripeptides was expected 
to be effective even if ingested in separate 
aliquots during the course of a day.  After oral 
administration of sour milk and lactotripeptides 
to SHR, blood pressure decreased gradually 
starting 2 hours after administration, then the 
decrease continued for about 8 hours, and 
returned to its initial level 24 hours later6).  Thus, 
the rate of the decrease in blood pressure was 
slow in the animal study.  This may be one 
explanation for effects being demonstrated 
regardless of whether the lactotripeptides were 
administered in a single dose or divided among 
multiple doses.  In the future, such factors may 
be clarified through investigations of the rate of 
absorption of peptides in the body, the half-life 
period of these peptides in the blood and other 
issues.   
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5. Conclusion 
 

A placebo-controlled, double-blind study 
was conducted to confirm the usefulness of a 
newly developed liquid yogurt drink in mild 
hypertensive subjects.  Both SBP and DBP in 
the test group decreased during the intake period, 
and a statistically significant difference was 
observed between the test and placebo groups.  
In comparison with levels prior to ingestion, 
SBP in the test group decreased significantly by 
8.4±9.0 mmHg (p<0.001) 1 week after ingestion, 
and by 13.9±11.4 mmHg (p<0.001) 8 weeks 
after ingestion.  Similarly, DBP decreased 
significantly by 6.0±5.9 mmHg (p<0.01) 1 week 
after ingestion, and by 9.1±7.5 mmHg (p<0.001) 
8 weeks after ingestion.  There were no events 
such as dry cough or gastrointestinal symptoms 
observed throughout the intake period.  
Moreover, there were no abnormal variations in 
hematology test and urinalysis values before and 
after ingestion.  These results suggested that the 
liquid yogurt drink containing lactotripeptides 
was useful in reducing blood pressure in mild 
hypertensive subjects without causing adverse 
events. 
 
 
Reference 
1) Guidelines subcomittee：1999 World Health 

Organization-International Society of 
Hypertension guidelines for the management 
of hypertension. J Hypertens 17 : 151-83, 
1999. 

2) Guidelines Subcomittee of Japanese Society 
of Hypertension: Japanese society of 
hypertension guidelines for the management 
of hypertension.  J Society of Hypertension, 
Tokyo (2000) 

3) Yamamoto N, Akino A, Takano T: 
Antihypertensive effect of the peptides 
derived from casein by a cell-wall proteinase 
from Lactobacillus helveticus CP790.  J. 
Dairy Sci., 77, 917-922, 1994. 

4) Yamamoto N, Akino A, Takano T: 
Antihypertensive effects of different kinds of 
fermented milk in spontaneously 
hypertensive rats.  Biosci. Biotech. Biochem., 
58, 776-778, 1994. 

5) Nakamura Y, Yamamoto N, Sakai K, Takano 
T： Antihypertensive effect of sour milk and 
peptides isolated from that are inhibitors to 

angiotensin �-converting enzyme. J. Dairy 
Sci., 78, 1253-1257, 1995. 

6) Nakamura Y, Yamamoto N, Sakai K, Okubo 
S, Yamasaki S, Takano T： Purification and 
characterization of angiotensin �-converting 
enzyme inhibitors from sour milk. J. Dairy 
Sci., 78, 777-783, 1995. 

7) Nakamura Y, Masuda O，Takano T：Decrease 
of tissue angiotensin I-converting enzyme 
activity upon feeding sour milk in 
spontaneously hypertensive rats.  Biosci. 
Biotech. Biochem., 60, 488-489，1996. 

8) Masuda O, Nakamura Y, Takano T ：
Antihypertensive peptides are present in aorta 
after oral administration of sour milk 
containing these peptides to spontaneously 
hypertensive rats. J. Nutr., 126，3063-3067, 
1996. 

9) Hata Y, Yamamoto M, Ohni M, Nakajima K, 
Nakamura Y, Takano T ：  A 
placebo-controlled study of sour milk on 
blood pressure in hypertensive subjects. Am. 
J. Clin. Nutr., 64, 767-771, 1996. 

10) Kajimoto O, Nakamura Y, Yada H, 
Moriguchi S, Hirata H, Takahashi F: 
Hypotensive effect of sour milk drink on 
mild and moderate hypertensive subjects.  J. 
Jpn. Soc. Nutr. Food Sci., 54, 347-354, 2001. 
(in Japanese) 

11) HirataH, Nakamura Y, Yada H, Moriguchi S, 
Kajimoto O, Takahashi T: Clinical effects of 
new sour milk drink in mild or moderate 
hypertensive subjects. J. New Rem. & Clin., 
51, 60-6, 2002. 

 6



(per one bottle, 150g)
Placebo drink Test drink

Energy (kcal) 46 47
Moisture (g) 137.5 137.3
Protein (g) 4.7 4.7
Fat (g) 0 0
Carbohydrate (g) 6.8 7
Ash (g) 1.1 1.1
Sodium (mg) 63 64
Potassium (mg) 215 220
Calcium (mg) 165 165
Magnesium (mg) 15 16
Phosphorus (mg) 134 135
Iron (mg) 0 0
VPP1) peptide (mg) 0 1.12
IPP2) peptide (mg) 0 0.79
1)Val-Pro-Pro
2) Ile-Pro-Pro

Table 1  Composition of test and placebo drinks

Fig 1  Test schedule

Test drink Post-observation

Post-observation

Serum and urine test.

Blood pressure, pulse rate, 
and body weight measurements.

Medical examination and inquiry.

Height measurement.

Test group

Placebo group Pre-observation Placebo drink

Pre-observation

Informed
consent
 (-4wks)

-2 0 2 4 6 8 10 12wk

Intake
period

Non-
intake
period

Non-
intake
period

▲ ▲ ▲ ▲▲ ▲▲ ▲

△ △

△

 7



Inclusion criteria
1) Systolic blood pressure 140-160 mmHg and/or Diastolic blood pressure 90-99 mmHg

Exclusion criteria
1) Those who were necessary urgently to treat with antihypertensive drug. 
2) Those who had signs of cerebrovascular accident.
3) History of heart failure and myocardial infraction.
4) Artial fibrillation and severe arrhythmia.
5) Current significant renal disease (more than 4.0mg/dl in serum creatinine).
6) Current significant hepatic disease.
7) Uncontrolled diabetes mellitus 
8) Severe anemia (not more than 7 g/dl in Hemoglobin)
9) Females who are pregnant,lactating. A woman is considered to be of childbearing potential
10) Allergy to milk protein
11) Lactose intolerance
12) Those who were considered not to suite by a medical doctor

Table 2 Inclusion and exclusion criteria

Number of subjects 33 31
Male

Female
Age (years) 49 ± 11 51 ± 11
Weight (kg) 65.6 ± 11.4 67.7 ± 12.6
Height (cm) 162.6 ± 7.6 162.7 ± 8.5
BMI1) 24.7 ± 3.6 25.4 ± 3.1
Systolic BP (mmHg) 148 ± 9 148 ± 9
Diastolic BP (mmHg) 95 ± 7 94 ± 7
Pulse rate (beats/min) 73 ± 5 72 ± 6

Test groupPlacebo group

Table 3  Clinical characteristics of subjects.

1) body mass index
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Table 4  Changes in blood pressure

SBP1) Placebo group 0.0 0.8 ± 8.8 -1.4 ± 9.9 -3.6 ± 5.0 -3.1 ± 10.3 -0.9 ± 9.7 -1.3 ± 5.0 0.8 ± 8.5
(mmHg) Test group 0.0 -8.4 ± 9.0 -9.1 ± 8.8 -12.6 ± 10.7 -12.3 ± 12.5 -13.9 ± 11.4 -5.5 ± 12.7 -1.7 ± 10.8

t-test

DBP2) Placebo group 0.0 0.4 ± 7.3 -0.9 ± 7.0 -1.9 ± 7.4 -2.0 ± 6.1 -0.7 ± 7.4 -0.7 ± 6.8 0.8 ± 6.1
(mmHg) Test group 0.0 -6.0 ± 5.9 -6.6 ± 5.7 -8.8 ± 7.9 -9.1 ± 9.0 -9.1 ± 7.5 -1.4 ± 7.7 -0.8 ± 6.5

t-test

1) Systolic blood pressure
2) Diastolic blood pressure
3) Not significant

p<0.001 p<0.001 p<0.001

N.S.

p<0.001 p<0.001 N.S.

p<0.01 N.S.3)

N.S.

p<0.01 p<0.001

Before
intake

Intake period (8 weeks)

p<0.01

week 2week 1

p<0.001

Subjects
Non-intake period

2wks after
termination

4 wks after
terminationweek 4 week 6 week 8

BMI Placebo group 24.7 ± 3.5 24.8 ± 3.6 0.1 ± 0.7
Test group 25.4 ± 3.1 25.5 ± 2.9 0.1 ± 0.5

White blood cell 4.0-9.0 Placebo group 5.4 ± 1.6 5.7 ± 1.8 0.3 ± 1.5

（×103/μl） Test group 5.7 ± 1.5 5.9 ± 1.8 0.3 ± 1.0

Red blood cell 380-560 Placebo group 485.7 ± 29.6 479.9 ± 35.0 -5.8 ± 16.5

（×104/μl） Test group 475.0 ± 34.0 476.9 ± 33.9 1.9 ± 14.7

Hemoglobin 12.0-17.5 Placebo group 14.4 ± 1.6 14.3 ± 1.7 -0.1 ± 0.5

（g/dl） Test group 14.5 ± 1.2 14.6 ± 1.2 0.1 ± 0.5

hematocrit 35.0-53.0 Placebo group 43.8 ± 3.9 42.7 ± 4.1 -1.1 ± 1.4***

（%） Test group 44.4 ± 3.1 43.9 ± 3.0 -0.4 ± 1.5

MCV 85-100 Placebo group 89.7 6.6 88.5 6.7 -1.2 1.1***

(fg) Test group 93.1 4.4 91.4 4.0 -1.2 1.2***

MCH 28-34 Placebo group 29.2 2.7 29.3 2.8 0.1 0.3*

(pg) Test group 30.1 1.8 30.3 1.8 0.2 0.6

MCHC 31-35 Placebo group 32.4 1.1 32.9 1.2 0.5 0.6***

(%) Test group 32.3 1.1 32.8 1.0 0.5 0.7***

Platelet 15-35 Placebo group 23.0 ± 6.7 23.5 ± 7.0 0.5 ± 4.1

（×104/μl） Test group 25.0 ± 4.8 24.4 ± 4.7 -0.5 ± 2.7

*p < 0.05 Significant difference from initial value (0 week)  (paired t-test)

***p < 0.001 Significant difference from initial value (0 week)  (paired t-test)
1) Not significantly different between test and placebo groups （Student t -test）

2)body mass index

Table 5  Changes in BMI and hematology values

SubjectsItems Normal range After intake (8 weeks)Before intake (0 week)
Difference between 0 and 8

weeks1) in subject
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Protein 6.5-8.5 Placebo group 7.4 ± 0.4 7.3 ± 0.4 -0.1 ± 0.2**
(g/dl) Test group 7.4 ± 0.4 7.3 ± 0.4 -0.1 ± 0.4
Albumin 3.8-5.4 Placebo group 4.4 ± 0.2 4.4 ± 0.3 0.0 ± 0.2
(g/dl) Test group 4.5 ± 0.2 4.5 ± 0.3 0.0 ± 0.2
A/G ratio 1.1-2.0 Placebo group 1.5 ± 0.2 1.6 ± 0.3 0.0 ± 0.1

Test group 1.5 ± 0.2 1.6 ± 0.2 0.1 ± 0.1*
Urea nitrogen 7.0-23.0 Placebo group 13.5 ± 3.5 13.8 ± 4.0 0.3 ± 2.8
(mg/dl) Test group 13.9 ± 3.3 14.7 ± 3.1 0.8 ± 3.1
Creatinine 0.6-1.5 Placebo group 1.0 ± 0.2 0.9 ± 0.2 -0.1 ± 0.1**
(mg/dl) Test group 1.0 ± 0.2 0.9 ± 0.2 -0.1 ± 0.1***
Uric acid 2.0-7.5 Placebo group 5.5 ± 1.3 5.4 ± 1.8 -0.1 ± 1.0
(mg/dl) Test group 6.0 ± 1.4 6.2 ± 1.5 0.1 ± 0.8
Na 135-147 Placebo group 141.3 ± 1.9 139.3 ± 2.1 -2.0 ± 1.8***
(mEq/l) Test group 141.5 ± 1.8 139.6 ± 1.7 -1.8 ± 1.2***
Cl 97-107 Placebo group 103.2 ± 2.3 103.0 ± 2.9 -0.2 ± 2.3
(mEq/l) Test group 103.3 ± 2.3 103.2 ± 2.6 -0.1 ± 1.7
K 3.5-5.0 Placebo group 4.2 ± 0.3 4.8 ± 0.5 0.6 ± 0.4***
(mEq/l) Test group 4.2 ± 0.3 4.8 ± 0.3 0.6 ± 0.3***
Ca 8.5-11.0 Placebo group 9.2 ± 0.3 9.3 ± 0.3 0.1 ± 0.3
(mg/dl) Test group 9.3 ± 0.4 9.4 ± 0.4 0.1 ± 0.4
GOT 8-40 Placebo group 22.4 ± 5.1 20.8 ± 7.5 -1.7 ± 5.2
(ＩU/l) Test group 28.7 ± 15.0 24.3 ± 8.4 -4.4 ± 11.3*
GPT 5-35 Placebo group 23.4 ± 12.8 22.8 ± 12.7 -0.5 ± 5.5
(ＩU/l) Test group 29.7 ± 20.6 28.7 ± 18.0 -1.0 ± 10.0
ALP 100-280 Placebo group 199.7 ± 51.8 204.0 ± 69.2 4.2 ± 48.5
(ＩU/l) Test group 229.0 ± 54.4 224.5 ± 56.1 -4.5 ± 40.5
γ-GTP 80以下 Placebo group 65.6 ± 92.9 64.7 ± 100.2 -0.9 ± 35.1
(ＩU/l) Test group 70.1 ± 74.1 67.3 ± 66.6 -2.8 ± 21.4
LDH 180-460 Placebo group 184.6 ± 26.5 187.8 ± 26.5 3.2 ± 12.3
(ＩU/l) Test group 184.6 ± 29.2 185.3 ± 30.9 0.7 ± 15.9
Total bilirubin 0.2-1.0 Placebo group 0.6 ± 0.3 0.7 ± 0.4 0.1 ± 0.3
(mg/dl) Test group 0.5 ± 0.2 0.7 ± 0.3 0.1 ± 0.3**
Total cholesterol 130-220 Placebo group 230.4 ± 33.3 211.9 ± 49.8 -18.5 ± 47.7*
(mg/dl) Test group 232.2 ± 46.1 226.6 ± 36.9 -5.6 ± 25.5
Triglyceride 40-150 Placebo group 186.5 ± 141.3 160.0 ± 130.9 -26.5 ± 112.1
(mg/dl) Test group 217.0 ± 291.9 161.4 ± 116.0 -55.6 ± 238.6
HDL-cholesterol 35-90 Placebo group 56.6 ± 16.2 53.7 ± 13.4 -2.9 ± 9.8
(mg/dl) Test group 56.8 ± 15.2 55.9 ± 12.9 -1.0 ± 7.0
Fasting blood sugar 60-110 Placebo group 120.2 ± 58.3 117.8 ± 52.4 -2.4 ± 11.3
(mg/dl) Test group 102.0 ± 27.0 104.1 ± 47.9 2.1 ± 24.0
Hemoglobin A1C 4.3-5.8 Placebo group 5.6 ± 1.6 5.3 ± 1.5 -0.3 ± 0.2***
(%) Test group 5.1 ± 0.9 4.9 ± 1.2 -0.2 ± 0.4*
*p <0.05, **p<0.01,  ***p<0.001 Significant difference from initial value (0 week)（Paired t test）
1) Not significantly different between test and placebo groups （Student t test）

SubjectsItems Normal Range

Table 6  Changes in serum biochemical values

After intake
 (8 weeks)

Before intake
 (0 week)

Intraindividual difference
between 0  and 8 weeks1)
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ABSTRACT 

Lactobacillus helveticus-fermented milk (sour milk) contains angiotensin I-converting enzyme 
inhibitory tripeptides, Val-Pro-Pro and Ile-Pro-Pro. Accordingly, sour milk has antihypertensive 
effect in the hypertensive rat.  In the present study, we investigated the antihypertensive effects of new 
sour milk drink in hypertensive subjects by using double blind study.  New sour milk drink was 
administered to the non-treated subjects who had mild or moderate hypertension for 8 weeks 
continuously.  Placebo was also administered to the non-treated subjects for same periods (sour milk 
drink group; male/female = 8/8, mean 51.6±7.7 years of age, systolic blood pressure (sBP)/diastolic 
blood pressure (dBP) = 157±7/94±6mmHg: placebo group; male/female = 7/9, mean 49.8±7.7 years 
of age, sBP/dBP = 158±12/95±8mmHg).  Eight weeks later, both the sBP and dBP significantly 
decreased as compared to the preadministered BP in the new sour milk drink group.  In contrast, there 
is no significant effect in the placebo group.  A significant difference was found in decrease in blood 
pressure between the two groups.  In addition, adverse reactions such as dry cough, digestive tract 
symptoms or abnormal changes were not observed in both groups.  These results suggest that new sour 
milk drink has an antihypertensive effect in subjects who have mild or moderate hypertension.  
 
Key word： sour milk, hypertension, tripeptide, fermented milk 
 
 
 
I. Introduction 
 
 Milk fermented with lactic acid bacteria 
is recognized as a pleasant, but sour-tasting 
drink, which has superior storage properties, 
making it good for human health.  In recent 
years, through both epidemiological and 
experimental studies, fermented milk or the 
lactic acid bacteria themselves have been shown 
to have useful functions1), and the application of 
these properties to developing foods has 
progressed.  In studies relating to the 
physiological effects of sour milk, obtained by 

fermentation using a starter culture 
predominantly composed of the lactic acid 
bacteria Lactobacillus helveticus, this fermented 
milk has been reported to demonstrate 
life-extending 2), anti-tumor3), 
immunomodulating4), fatigue recovery and 
stress reduction5), learning/ memory effects6) 
and so forth. 
 Recently, Nakamura et al7) 8) reported that 
sour milk has an antihypertensive effect as 
determined in an experiment in which sour milk 
was administered to spontaneously hypertensive 
rats.  Furthermore, this group of researchers 
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succeeded in isolating two tripeptides, 
valine-proline-proline (Val-Pro-Pro) and 
isoleucine-proline-proline (Ile-Pro-Pro), from 
fermented milk, which they identified as 
angiotensin I-converting enzyme (ACE) 
inhibitors9).  In addition, placebo-controlled, 
two-group comparative studies have confirmed 
that sour milk exhibits a gradual and appropriate 
antihypertensive effect on hypertensive patients 
already taking prescription antihypertensive 
medication10) as well as mild or moderate 
hypertensive subjects not taking medication11).  
In this manner, the incorporation of foods 
comprised of familiar ingredients that have been 
confirmed to be effective into the daily diet is 
extremely important in terms of maintaining 
health. 
 We report here on a placebo- controlled, 
double-blind study designed to evaluate the 
efficacy and safety of a newly-designed sour 
milk product on hypertension and associated 
subjective symptoms, when taken over an 
8-week period.  It was conducted in subjects 
with mild or moderate hypertension who were 
not taking any antihypertensive drugs or other 
medications.  
 
 
II. Subjects and Methods 
 
1. Subjects 
 
     To be eligible for the study subjects had to 
have maintained their systolic blood pressure 
between 140 and 180 mmHg and diastolic blood 
pressure between 90 and 105 mmHg for the 3 
months before the start of the study.  Subjects 
were excluded if they had secondary 
hypertension, lactose intolerance, milk allergy, 
alcoholism, any type of severe disease, or if they 
were taking any type of regular oral medication.  
Subjects were paid volunteers, recruited at the 
Center for Health Care of Osaka University of 
Foreign Languages and other private hospitals.  
Subjects were  hospital outpatients with mild or 
moderate essential hypertension under 
observation at a hospital without drug 
administration and hospital employees and their 
family members. 
     Thirty-six subjects entered this placebo- 
controlled, double-blind study.  The subjects 
were divided into two groups of 18 subjects 
each, such that they were well matched in terms 

of systolic and diastolic blood pressure, age and 
gender.  One group received the sour milk drink 
and the other placebo. 

A total of 36 subjects entered the study.  
Four subjects were excluded from the analysis 
for one of the following two reasons: the test 
drinks were not taken for at least 5 days in the 
8-week study period (three subjects) or subject 
failed to attend hospital at the appointed day 
(one subject).  At follow up, the investigator 
recorded the reason for the withdrawal as 
personal and unrelated to the study substance.  
Thus, 32 subjects (15 males, 17 females) were 
considered eligible for analysis.  Their mean age 
± standard deviation was 50.7 ± 7.6 years.  The 
baseline characteristic of subjects are listed in 
Table 1, by treatment group.  There was no 
significant differences between the sour milk 
group and placebo group with respect to any 
baseline characteristic in regard of the age, 
gender, body weight, BMI, blood pressure, and 
pulse rate. 
     The study was conducted with the approval 
of the institutional review boards of Center for 
Health Care, Osaka University of Foreign 
Languages, that of Shirai Hospital and that of 
Osaka Sayama Hospital (Dr. Yasuhito Ochi of 
Kojin Clinic and Dr. Akane Shimada of 
Shimada Clinic also participated) and in 
accordance with the principles of the Helsinki 
Declaration (adopted in 1964 and revised in 
1975, 1983, 1989 and1996 revision).  The 
rationale and conduct of the study was fully 
explained to the subjects, after which they gave 
written consent prior to entry into the study. 
 
2. Supplementary drinks 
 
     Sour milk and the final sample were prepared 
according to previously described methods9)11).  
Sour milk was prepared by adding a starter 
culture containing L. helveticus and 
Saccharomyces cerevisiae to 9% (w/w) 
skimmed milk and fermented overnight.  L. 
helveticus CM4-fermented milk was prepared 
similarly with a starter culture containing L. 
helveticus CM4.  The sour milk test product was 
prepared by mixing the L. helveticus 
CM4-fermented milk and sour milk, then adding 
a stabilizer, sweetener, and flavors packing into 
a glass bottle, and finally pasteurizing.  One 
bottle (120 g) of the test sample contained 2.66 
mg of Val-Pro-Pro and 1.60 mg of Ile-Pro-Pro.  
For the placebo control, artificially acidified 
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milk was prepared by adding lactic acid to 9% 
(w/w) skimmed milk to achieve the same acidity 
as the sour milk test product; the preparation 
steps for the placebo drink were the same as for 
the sour milk test drink.  The nutritional 
compositions of the two drinks were similar 
(Table 2) except for a difference in carbohydrate 
and energy contents due to the lactic acid that 
had been added to the artificially acidified milk 
in the placebo drink. 
     Subjects consumed one bottle of the test or 
placebo sample every morning for 8 weeks.  
They were instructed not to change their daily 
routine including diet and exercise, apart from 
drinking the sample every day at a fixed time. 
 
3. Measurements 
 
1) Blood pressure and pulse rate 
 
     A medical examination, with blood pressure 
and pulse rate measurements, was conducted 
every 2 weeks during the 2-week pre-intake 
period, the 8-week intake period and the 4-week 
post-intake period.  A subject’s blood pressure 
and pulse rate were always measured by the 
same doctor.  For blood pressure and pulse rate 
measurements, subjects were instructed to 
attend the hospital, fasted, by 08:30.  After a 
30-minute rest, the measurements were made in 
the upper left arm, with the subject in a sitting 
position, fully clothed except for shoes.  The 
measurements were taken three times at 
two-minute intervals between 9:00 and 10:00.  
If there was a difference of 10 mmHg or more 
between the maximum and minimum values of 
the systolic blood pressure or a difference of 6 
mmHg in the diastolic blood pressure in any of 
the three measurements, the subject was 
instructed to rest again and the measurements 
were repeated until the differences came within 
the above ranges, at which point the medians 
were adopted.  
 
2) Body weight and height (BMI) 
 
     Body weight and height were measured at 
the time of medical examination.  As body 
weight was measured (TBF-401; Yagami, 
Japan) with shirt/blouse and trousers/skirt on, 
the subjects were instructed to attend the 
hospital on assessment day wearing the same 
clothes if at all possible in order to eliminate any 

error introduced by clothes of differening 
weight. 
 
3) Serum biochemical examination and 
urinalysis 
 
     Serum biochemistry and urinalysis (test 
paper method) were performed before and after 
intake period.  The subjects were instructed to 
attend the hospital, fasted, at 08:00.  Urinalysis 
was performed first, then blood samples were 
taken between 8:30 and 9:30, after a 30-minute 
rest.  Hematological examination was conducted 
at Nippon Institute of Laboratory Medical 
Examinations while urinalysis was performed at 
the respective hospitals. 
 
4) Medical examinations and 
questioning 
 
     Medical examinations and questioning were 
conducted at the same time as measurements of 
blood pressure, pulse rate and body weight.  The 
occurrence of subjective symptoms and side 
effects such as dry cough, headache, vertigo, 
digestive symptoms, and itching feeling were 
recorded. 
 
4. Statistical analysis 
 
 All measurements were indicated as 
the mean ± standard deviation.  Paired t-test was 
used to examine within-subject changes in 
blood pressure and hematological values.  For 
inter-group comparisons of hematological 
values and blood pressures, Student's t-test was 
used.  If equivariance was rejected by Levene's 
test, the Mann-Whitney U test was used.  The 
degree of blood pressure change between the 
two groups was examined with the t-test.  Other 
test methods are described in the text.  P < 0.05 
with two-tail test was considered as statistically 
significant.  
 
 
III. Results 
 
1. Blood pressure and pulse rate 
 
 Changes in blood pressure and pulse rate 
during the study period relative to the 
measurements taken immediately before 
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ingestion of the test drinks are shown in Table 3.  
In the sour milk ingestion group (sour milk 
group), systolic blood pressure, which was 
158.0±9.0 mmHg immediately before ingestion, 
decreased significantly to 147.8±8.5 mmHg two 
weeks after ingestion (a reduction of 10.3±8.0 
mmHg compared to baseline) (paired t-test: 
p<0.001).  Persistent and stable lowering effects 
were also observed at the later time points, with 
systolic blood pressure decreasing to 143.5±8.7 
mmHg (a reduction of 14.5±9.9 mmHg 
compared to baseline) after completion of the 
ingestion period at 8 weeks (paired t-test: 
p<0.001).  Significant antihypertensive effects 
compared to baseline persisted 2 weeks 
following the completion of intake.   In the other 
word, the decreased systolic blood pressure 
value gradually returned to initial level after 
cessation of intake.  On the other hand, in the 
placebo ingestion group (placebo group) there 
were no significant changes in blood pressure 
observed throughout the 8-week ingestion 
period.  
 In the sour milk group, diastolic blood 
pressure decreased significantly to 87.3±7.4 
mmHg (paired t-test: p<0.05) at 2 weeks after 
ingestion, (a reduction of 5.3±9.7 mmHg 
compared to baseline).  In this same group, 
immediately after ingestion, diastolic pressure 
was 92.6±10.4 mmHg, and it subsequently 
decreased to 84.4±6.3 mmHg (paired t-test: 
p<0.01) at completion of the ingestion study 
period at 8 weeks (a reduction of 8.1±10.0 
mmHg compared to baseline).  On the other 
hand, there were no significant changes 
observed in diastolic blood pressure in the 
placebo group throughout the ingestion period.  
There were no significant changes observed in 
pulse rate in either group  
     The results of the statistical analysis of 
inter-group comparisons are shown in Table 3.  
It was demonstrated that, for systolic blood 
pressure, the antihypertensive effect in the sour 
milk group was significantly higher than that in 
the placebo group throughout the 8-week 
consumption period.  In addition, this difference 
remained significant in favor of the sour milk 
group even 2 weeks after completion of the 
ingestion period.  For diastolic blood pressure 
the antihypertensive effect was greater in the 
sour milk group than that in the placebo group at 
2 weeks after consumption, but no significant 
difference was detected after 4 weeks of intake, 

as there were also slight drops in the placebo 
group at these time points.  The changes of pulse 
rate did not show a significant difference 
between the two groups.  
 
2. Body weight, height and BMI 
 
 No significant changes were observed in 
height during the experimental period.  BMI 
values in the sour milk group were 25.4±3.9 
(kg/m2) before ingestion and 25.3±3.8 (kg/m2) 
after completion of the 8-week ingestion period, 
while those in the placebo group were 24.0±2.6 
(kg/m2) before ingestion and 24.1±2.5 (kg/m2) 
after completion of the 8-week ingestion period; 
these changes were also not significant in either 
group (paired t test: not significant). 
 
3. Serum biochemistry and urinalysis 
 
 The results of serum biochemistry tests 
conducted before and after intake are shown in 
Table 4.  There were no significant differences 
observed in the amount of change before and 
after ingestion between the two groups.  In the 
sour milk group, although increases in white 
blood cell (WBC) count, sodium and chloride 
levels and a decrease in hemoglobin levels were 
observed after ingestion compared with baseline 
values, they were remained within the normal 
range, and were not considered to be clinically 
significant.  In addition, in the placebo group, 
although an increase in GOT was observed, it 
was within the normal range.  In addition, there 
were no abnormal variations in urinary glucose, 
protein or urobilinogen levels before and after 
ingestion. 
 
4. Medical Examinations and Inquiries 
 
 The results of the medical examinations 
and inquiries of the subjects, showed that there 
was improved regularity in 8 of 10 subjects in 
the sour milk group and 2 of 6 in the placebo 
group who had tended to be constipated before 
the start of the ingestion period.  In addition, 
improvement was seen in 2 of 3 subjects in the 
sour milk group and 2 of 5 in the placebo group 
with respect to headaches, and in 3 of 4 subjects 
in the sour milk group and 3 of 6 in the placebo 
group with respect to heavy-headedness.  
Furthermore, no subject in either group 
experienced exacerbation of headaches after 
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ingestion.  Although mild symptoms of 
constipation were observed 2 weeks after 
ingestion in one subject in the sour milk group, 
since the symptoms diminished spontaneously 
within several days without treatment it was 
considered unrelated to the test substance.  In 
addition, there was no occurrence of symptoms 
suggestive of other side effects, such as dry 
cough, dizziness or other neurological 
symptoms, gastrointestinal symptoms and skin 
symptoms, observed in either of the groups.   
 
 
VI. Discussion 
 
     In this study, we assessed the 
antihypertensive effect and safety of a single 
daily ingestion of a new sour milk drink, taken 
over an 8-week period, in mild or moderate 
hypertensive subjects who were not taking 
antihypertensive drugs or any other medication.  
The systolic blood pressure of the group that 
ingested the sour milk drink decreased 
significantly to 10.3±8.0 mmHg (P<0.001) at 2 
weeks after ingestion, and to 11.7±10.7 mmHg 
(P<0.001) at 4 weeks after ingestion, compared 
with the start of the study, and this 
antihypertensive effect continued until 8 weeks 
after ingestion (Table 3).  On the other hand, 
there were no large changes observed in the 
systolic blood pressure of the placebo group.  
When the decreases in blood pressure were 
compared between the sour milk group and 
placebo group at 2, 4, 6 and 8 weeks after 
ingestion, they were statistically significant 
differences at each time point.  A similar trend 
was observed for diastolic blood pressure.  
There were no significant differences observed 
between the groups with respect to pulse rate, 
and therefore the decrease in blood pressure was 
not considered to be the result of the effects of 
pulse rate changes. 
 In pharmaceutical preparations, drastic 
rebound is known as adverse effect after 
treatment stops.  The observation of the progress 
of the subjects in our study following 
completion of the 8-week ingestion period did 
not reveal any rebound, and even at 2 weeks 
after completion of ingestion, a gradual 
reversion was observed, with a significant 
decrease in systolic blood pressure as compared 
with that before ingestion still being apparent.  
There were no clinically relevant changes 

observed in blood components or urinalysis 
findings before and after ingestion.  In addition, 
with respect to subjective and objective 
symptoms, side-effects such as dry cough, 
headache and dizziness were not observed.  
There is a need for foods that have been proven 
to be safe in terms of maintaining daily health.  
Sour milk is considered to be a highly safe food 
product that demonstrates gentle 
antihypertensive effects through continuous 
ingestion. 
 Hypertension is one of several potential 
risk factors that are directly involved with 
circulatory diseases.  According to a "Patient 
Survey" conducted by the Ministry of Health, 
Labor and Welfare, the number of patients with 
hypertension that are examined by physicians is 
increasing, and this disease also ranks high in 
terms of health care costs 12).  Thus, daily routine 
efforts that could delay increases in blood 
pressure as long as possible are considered to be 
important.  
     For persons at low risk, improvement of life 
style such as a reduction in salt consumption and 
restriction of alcohol intake, is recommended as 
an early stage of treatment, by the guidelines for 
treatment of hypertension of various 
countries13-15). Thus, diets are an indispensable 
and obvious component of daily life that can be 
made to play an important role in moderating 
high blood pressure.  With this in mind, the use 
of a food product like sour milk, which has been 
scientifically proven to be effective and highly 
safe, is considered to be useful for management 
hypertension. 

According to the results of this study, this 
newly developed sour milk drink demonstrated 
suitable and reliable antihypertensive effects on 
mild or moderate hypertensive subjects.  It was 
also highly safe, and thereby clearly 
demonstrated that it is a useful food product for 
maintaining the health of persons with less 
severe forms of high blood pressure.  
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Table 1  Characteristics of the two groups 

    sour milk  group placebo group 

number of subjects    
1
6    

1
6  

male    8    7  
female    8    9  
age (y.o.) 51.6 ± 7.7 49.8 ± 7.7 
body weight (kg) 65.7 ± 14.2 62.0 ± 12.6 
height (cm) 160.8 ± 9.6 160.2 ± 9.8 
body mass index (kg/m・m) 25.2 ± 3.9 24.0 ± 0.6 
systolic blood pressure (mmHg) 157.3 ± 7.4 158.4 ± 11.5 
diastolic blood pressure (mmHg) 93.5 ± 5.9 94.6 ± 8.3 
pulse rate (beats/min) 74.3 ± 5.5 73.4 ± 7.2 

 



 8

 
Table 2   Composition of sour milk and placebo drink (per 100g) 

    sour milk drink  placebo drink 
Protein (g) 1.8 1.8 
Carbohydrate (g) 3.7 4.7 
Ash (g) 0.5 0.5 
Fat (g) 0 0 
Fiber (g) 0.8 0.7 
Moisture (g) 93.2 92.3 
Maltitol (g) 0.6 0.7 
Energy (kJ) 88 105 
Potassium (mg) 97 94 
Calcium (mg) 70 70 
Phosphorus (mg) 56 58 
Sodium (mg) 67 65 
Val-Pro-Pro (VPP) peptide (mg) 2.22 N.D. 
Ile-Pro-Pro (IPP) peptide (mg) 1.33 N.D. 

   N.D.: not detectable 
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Table 3   Change in blood pressure and pulse rate  

  under intake after completion of intake 
  

agent before intake
week 2 week 4 week 6 week8 week 2 week 4 

SBP      (mmHg) sour milk 0.0 -10.3 ± 8.0 -11.7 ± 10.7 -13.9 ± 8.5 -14.5 ± 9.9 -9.4 ± 9.8 -5.4 ± 10.3 
 placebo 0.0 -0.3 ± 10.1 -1.8 ± 10.9 -0.9 ± 11.9 -2.4 ± 10.5 -1.0 ± 7.9 -0.6 ± 11.4 

  significant difference   p<0.01 p<0.05 p<0.01 p<0.01 p<0.01 N.S. 

DBP      (mmHg) sour milk 0.0 -5.3 ± 9.7 -5.4 ± 10.3 -7.4 ± 10.1 -8.1 ± 10.0 -3.7 ± 7.9 -1.3 ± 8.1 
 placebo 0.0 1.5 ± 9.3 -0.6 ± 11.4 -1.7 ± 10.6 -2.3 ± 9.2 -2.1 ± 5.6 -1.1 ± 7.1 

  significant difference   p<0.05 N.S. N.S. N.S. N.S. N.S. 

Pulse rate (beats/min) sour milk 0.0 -0.6 ± 7.0 -1.3 ± 5.6 -1.9 ± 7.8 0.1 ± 7.5 -0.1 ± 6.4 0.8 ± 8.4 
 placebo 0.0 -0.5 ± 5.8 0.5 ± 6.2 0.1 ± 6.5 0.8 ± 6.2 0.8 ± 4.8 0.3 ± 6.2 

  significant difference   N.S. N.S. N.S. N.S. N.S. N.S. 

   Note)   significant difference in change between two groups by Mann-Whitney U test 
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Table 4  Change in body weight and serum biochemical variables  

  agent before intake  after intake   Intraindividual difference

body weight (kg) sour milk 66.2 ± 14.0   65.9 ± 14.1   -0.3 ± 0.3 
 placebo 62.2 ± 12.9   62.4 ± 12.8   0.2 ± 0.2 

WBC (×1000/µl) sour milk 6.0 ± 1.3   6.8 ± 1.7 * 0.8 ± 1.1 
 placebo 6.2 ± 1.5   6.2 ± 1.2   0.0 ± 1.0 

RBC (×10000/µl) sour milk 472.7 ± 53.2   457.0 ± 44.4   -15.7 ± 33.7 
 placebo 455.5 ± 45.5   453.0 ± 43.2   -2.5 ± 14.3 

Hb (g/dl) sour milk 14.7 ± 1.5   14.3 ± 1.6 * -0.4 ± 0.7 
 placebo 14.6 ± 1.5   14.4 ± 1.4   -0.2 ± 0.6 

Ht (%) sour milk 44.5 ± 5.0   42.7 ± 3.5   -1.8 ± 3.3 
 placebo 43.4 ± 3.9   43.9 ± 3.2   0.5 ± 2.1 

Platelet (×10000/µl) sour milk 23.8 ± 4.9   25.3 ± 5.2   1.5 ± 3.9 
 placebo 24.7 ± 6.1   23.8 ± 5.9   -0.9 ± 3.3 

GOT (U/l) sour milk 25.8 ± 7.5   26.0 ± 7.4   0.2 ± 6.9 
 placebo 26.8 ± 13.1   30.3 ± 16.7 * 3.5 ± 6.4 

GPT (U/l) sour milk 31.1 ± 18.6   28.3 ± 17.2   -2.8 ± 10.4 
 placebo 28.8 ± 11.1   31.3 ± 14.7   2.5 ± 7.1 

ALP (U/l) sour milk 210.9 ± 50.2   213.1 ± 41.2   2.2 ± 19.6 
 placebo 190.9 ± 48.2   192.0 ± 40.7   1.1 ± 20.9 

γ-GTP (U/l) sour milk 31.3 ± 17.3   33.3 ± 23.9   2.0 ± 11.0 
 placebo 57.3 ± 88.9   58.2 ± 86.8   0.9 ± 7.5 

LDH (U/l) sour milk 363.5 ± 58.4   362.1 ± 76.5   -1.4 ± 30.3 
 placebo 371.1 ± 85.5   364.5 ± 92.2   -6.6 ± 50.0 

t-Bil. (mg/dl)  sour milk 0.5 ± 0.2   0.5 ± 0.2   0.0 ± 0.2 
 placebo 0.5 ± 0.2   0.6 ± 0.2   0.1 ± 0.1 

TP (g/dl)  sour milk 7.7 ± 0.4 7.6 ± 0.3 -0.1 ± 0.4 
 placebo 7.3 ± 0.4 # 7.3 ± 0.4 # 0.0 ± 0.3 

Albumin (g/dl)  sour milk 4.6 ± 0.4   4.6 ± 0.3   0.0 ± 0.2 
 placebo 4.4 ± 0.3   4.4 ± 0.4   0.0 ± 0.2 

A/G ratio sour milk 1.5 ± 0.3   1.5 ± 0.3   0.0 ± 0.1 
 placebo 1.6 ± 0.4   1.6 ± 0.3   0.0 ± 0.1 
TG (mg/dl)  sour milk 158.5 ± 143.1   146.5 ± 78.9   -12.0 ± 87.4 

 placebo 149.7 ± 80.3   136.6 ± 95.8   -13.1 ± 70.0 
t-cholesterol (mg/dl)  sour milk 219.2 ± 32.1 210.3 ± 30.5   -8.9 ± 18.9 

 placebo 192.6 ± 28.4 # 196.9 ± 29.2   4.3 ± 23.2 
Na (mEq/l)  sour milk 140.6 ± 1.5 141.8 ± 2.3 * 1.2 ± 2.2 

 placebo 142.1 ± 2.5 # 142.4 ± 2.6   0.3 ± 2.3 
Cl (mEq/l)  sour milk 100.3 ± 2.7   102.1 ± 1.8 * 1.8 ± 2.5 

 placebo 102.4 ± 2.9   102.3 ± 2.4   -0.1 ± 2.1 
K (mEq/l)  sour milk 4.3 ± 0.4   4.4 ± 0.6   0.1 ± 0.8 

 placebo 4.3 ± 0.4   4.1 ± 0.6   -0.2 ± 0.4 
Ca (mEq/l)  sour milk 8.9 ± 0.4   8.9 ± 0.3   0.0 ± 0.4 

 placebo 8.8 ± 0.4   8.8 ± 0.3   0.0 ± 0.2 
PRA (ng/ml/Hr) sour milk 1.48 ± 1.39   1.19 ± 0.82   -0.3 ± 1.20 

  placebo 0.83 ± 0.56   0.79 ± 0.55   0.0 ± 0.52 
             
*  : significant change from baseline (p<0.05)           
＃:significant difference between two groups by Mann-Whitney test (p<0.05) 
   ( No significant difference between two groups in intraindividual difference) 
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Effect of Casein Hydrolysate, Prepared with Protease Derived from Aspergillus
oryzae, on Subjects with High-Normal Blood Pressure or Mild Hypertension
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ABSTRACT Casein hydrolysate, prepared with Aspergillus oryzae protease, contains angiotensin I-converting enzyme in-
hibitory peptides, such as Val-Pro-Pro and Ile-Pro-Pro. We conducted a randomized, double-blind, placebo-controlled study
to evaluate the effect of casein hydrolysate on the blood pressure of 144 subjects with high-normal blood pressure (n � 104)
and mild hypertension (n � 40). Subjects were randomly assigned to two groups for a 12-week intake period. In the test group,
both systolic (SBP) and diastolic (DBP) blood pressure decreased significantly compared with the placebo group: SBP/DBP
significantly decreased from 138.2 � 6.5/84.4 � 5.3 mm Hg at week 0 to 132.3 � 7.3 (P � .001)/81.2 � 4.8 mm Hg (P �
.001) at week 12. In the stratified analysis, the test product showed an antihypertensive effect in both the subject group with
high-normal blood pressure and that with mild hypertension. No side effect was observed in any subjects in this study. These
results demonstrate that the casein hydrolysate, prepared with A. oryzae protease, produced a significant reduction in blood
pressure in a population of subjects with high-normal blood pressure or mild hypertension without an adverse event.

KEY WORDS: • angiotensin I-converting enzyme • antihypertensive effect • Aspergillus oryzae protease • high-nor-
mal blood pressure • mild hypertension
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INTRODUCTION

ADIRECT LINK HAS BEEN ESTABLISHED between elevated
blood pressure levels and an increased risk of a stroke

or coronary heart disease (CHD).1,2 Recently, Lewington et
al.3 have reported that, starting from a normal systolic blood
pressure (SBP) of 115 mm Hg and diastolic blood pressure
(DBP) of 75 mm Hg, the risk of developing CHD doubles
with every 20 mm Hg increase in SBP or 10 mm Hg in-
crease in DBP. Therefore, efforts to maintain blood pressure
within the normal range are critically important for CHD
prevention. Changes to lifestyle have been recognized as a
good starting point and an effective means of lowering blood
pressure, and include reducing dietary sodium, weight re-
duction, and a moderation of alcohol consumption.4,5 The
Dietary Approaches to Stop Hypertension (DASH) trial in-
dicated that a diet rich in fruit, vegetables, and low-fat dairy
products, accompanied by a reduced intake of saturated and
total fat, could substantially lower blood pressure.6 The uti-
lization of foods that have a blood pressure-lowering effect
has attracted attention as a novel means of achieving the
above objectives.

Angiotensin I-converting enzyme (ACE) is important in
regulation of blood pressure because it catalyzes the forma-
tion of the potent vasopressor angiotensin II from an-
giotensin I.7 ACE inhibitor drugs are currently widely used
in the treatment of hypertension. Several ACE inhibitory
peptides were isolated and identified from food materi-
als.8–12 In milk fermented with Lactobacillus helveticus, a
lactic acid bacterium with potent proteolytic activity, two
ACE inhibitory peptides, Val-Pro-Pro and Ile-Pro-Pro, are
produced.13 These peptides had an antihypertensive effect
in animal model studies.14–16 It has also been reported that
fermented milk containing these peptides reduced the blood
pressure in subjects with elevated blood pressure.17–20

Recently, Mizuno et al.21 reported that casein hydrolysate
(Aspergillus oryzae hydrolysate) prepared using A. oryzae
protease showed the highest ACE inhibitory activity among
various enzymatic casein hydrolysates and elicited an anti-
hypertensive effect in spontaneously hypertensive rats
(SHR) after oral administration. It was also reported that
Val-Pro-Pro and Ile-Pro-Pro were produced efficiently in A.
oryzae hydrolysate.22 These data may suggest that A. oryzae
hydrolysate could have an antihypertensive effect in hu-
mans. In a placebo-controlled study, the A. oryzae hy-
drolysate reduced the blood pressure in mildly hypertensive
subjects.23 However, there is insufficient information to
evaluate the effect of A. oryzae hydrolysate on blood pres-
sure in subjects with elevated blood pressure. We therefore
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conducted a randomized, double-blind, placebo-controlled
study to evaluate the efficacy using a drink containing A.
oryzae hydrolysate in subjects with high-normal blood pres-
sure and mild hypertension.

MATERIALS AND METHODS

Subjects

Men and women over 20 years of age with mild hyper-
tension and high-normal blood pressure, untreated by pre-
scription medication, were recruited for the study. Eligible
criteria were SBP of 130–159 mm Hg and/or DBP of 85–99
mm Hg, according to the 1999 definition of the World Health
Organization–International Society of Hypertension5 or the
1997 definition of the sixth report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure.4 Subjects were excluded if they had
an allergy to cow’s milk, were at risk of a cerebrovascular
accident, or had a history of heart failure or myocardial in-
farction. Those with ongoing significant atrial fibrillation, ir-
regular pulse, renal disease (serum creatinine �354 �mol/L),
hepatic disease, or anemia (serum hemoglobin �70 g/L) were
also excluded. Female subjects who were pregnant, lactat-
ing, or of childbearing potential were excluded. Furthermore,
all those who were considered by a medical doctor not to be
suited, for whatever reason, were excluded.

Study design

This study was approved by the Joint Institutional Re-
view Board of Soiken, Inc. and Soiken Clinic (Osaka,
Japan). All subjects gave written informed consent before
the pre-intake period. This was a double-blind, placebo-con-
trolled study conducted over an 18-week period, which con-
sisted of a 2-week pre-intake period, a 12-week intake pe-
riod, and 4 weeks of follow-up. Potentially eligible subjects
were recruited 5 weeks before intake was to begin. Their
blood pressure was measured 2 weeks and 1 week before
the intake period started. Those subjects whose average
value fell into the defined range of mild or high-normal were
considered eligible and enrolled; the others were excluded.
After measurements at 1 week before the intake period, el-
igible subjects were divided into two groups by a controller
who did not participate in this study in any other way. One
group ingested one bottle of the test drink (200 mL per bot-
tle) at breakfast; the other group took a placebo drink at a
similar time. The subjects were instructed not to change their
daily lifestyle, except for taking the supplementary drink at
a fixed time of day. In particular, no modifications were to
be made to their diet, smoking, or exercise routines, except
that subjects were to refrain from taking dairy products or
healthy foods designed to treat blood pressure. They were
also instructed to visit the clinic every 2 weeks during the
12-week intake period and the 4 weeks of follow-up. Sub-
jects were told to record any adverse events that they expe-
rienced during the 12 weeks of treatment. Compliance was
monitored at each clinic visit by the physician.

Study products

Study products were produced by Calpis Co., Ltd.
(Tokyo, Japan). Casein hydrolysate, generated using A.
oryzae protease, was prepared according to the method 
described previously.21,22 The enzyme, isolated from A.
oryzae, was added to pasteurized casein solution, and it was
then incubated at 50°C for 14 hours. The reaction was
stopped by heating the solution to 100°C for 5 minutes. Fi-
nally the sample was powdered using a spray-drier. The
spray-dried hydrolysate (A. oryzae hydrolysate) was added
to a concentrated mixture of vegetable and fruits juice. Test
drink was prepared by adding flavors and water to the mix-
ture described above before being pasteurized and finally
packed into a bottle. Placebo drink was prepared by blend-
ing the concentrated mixture of vegetable and fruit juice,
flavors, and water before being pasteurized and finally pack-
ing into a bottle. The composition of both drinks is shown
in Table 1. The peptide content of products was measured
by liquid chromatography–mass spectrometry as previously
reported.22 One bottle (200 mL) of the test drink contained
1.47 mg of Val-Pro-Pro and 1.60 mg of Ile-Pro-Pro, but
these peptides were not detectable in the placebo.

Measurements

Subjects visited the clinic every second week between
9:00 and 11:30 a.m. for on-study measurements. The blood
pressure of the left upper arm was measured three times
(each time by a different trained nurse), using a mercury
sphygmomanometer, with an interval of 1 minute. Mea-
surements were taken with the subject in the sitting position
after at least 10 minutes of rest; subjects were clothed. The
three measurements of blood pressure were averaged to pro-
vide a mean value for the day. During the intake period, on
a visit day, subjects were instructed not to eat or take any
other drink until after their measurements had been taken.
The blood samples and urine samples were taken after an
overnight fast at weeks 0 and 12. Blood examination and
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TABLE 1. NUTRITIONAL COMPOSITION OF

THE PLACEBO AND TEST DRINKS

Composition Placebo drink Test drink

Energy (kcal) 68 79
Moisture (g) 188.8 186.1
Protein (g) 0.8 1.4
Fat (g) 0 0
Carbohydrate (g) 16.1 17.8
Ash (g) 0.8 1.0
Dietary fiber (g) 0.4 0.6
Sodium (mg) 27 37
Potassium (mg) 435 455
Val-Pro-Pro (mg) ND 1.47
Ile-Pro-Pro (mg) ND 1.60

Composition per 200 mL of supplementary drink. ND, not
detectable.



urinalysis were carried out in Sakai Biomedical Research
Lab Co., Ltd. (Osaka). The values for estimated 24-hour uri-
nary excretion of sodium and potassium were calculated by
the estimation method of Kawasaki et al.24 Height and body
weight were measured 2 weeks before intake started; body
weight was also measured at weeks 0, 4, 8, and 12 and at
the 4-week follow-up visit. A physical examination was car-
ried out at each study visit, and the physician inquired about
any adverse events that had occurred since the last visit.

Sample size

Based on information from the study by Nakamura et
al.,20 to detect a change in SBP between the test group and
placebo group during 12 weeks, the sample size was esti-
mated at n � 2 � SD2 � (Z� � Z�)2/�2, assuming � �
0.05, � � 0.20 (power � 0.80), (Z� � Z�)2 � 7.9, � � 4,
and SD � 7; therefore n � (2 � 72 � 7.9)/42 � 48.4. The
sample size required was calculated at 48 subjects.

Statistical analyses

All measured values are the mean � SD unless otherwise
noted. The correlation between ingestion period and blood
pressure variation or pulse rate was analyzed by two-way
analysis of variance (ANOVA) for repeated measures. In ad-
dition, Bonferroni’s multiple comparison test was used for
comparison of values before and after intake with respect to
blood pressure, pulse rate, body weight, and body mass in-
dex (BMI). The paired t test was used to assess variations
in blood test and urinary test values among the subjects. Stu-
dent’s t test was used for comparisons between groups. SPSS
version 11.5 (SPSS Inc., Chicago, IL) was used for statisti-
cal analyses. P � .05 with two-tailed test was considered as
statistically significant.

RESULTS

Baseline characteristics and compliance

A total of 150 volunteers were screened for the study and
randomized into two groups. Of these, five subjects were

excluded before analysis because they would have been un-
able to attend all the study visits, and one subject was ex-
cluded because of heavy drinking and eating. A total of 144
subjects (57 men and 87 women, 51 � 10 years old) were
eligible to complete the study. The demographic details and
characteristics for both groups are listed in Table 2. The per-
centage of compliance with the supplementary drinks con-
sumption was more than 96% throughout the intake period.

Blood pressure response

Changes of blood pressure (SBP and DBP) in the test
group and placebo group are presented in Table 3. In the
SBP, a significant difference between the test and placebo
group was observed (P � .001) by ANOVA. In the test
group, SBP significantly decreased from 138.2 � 6.5 mm
Hg at week 0 to 135.5 � 7.9 mm Hg at week 4 (P � .05 vs.
initial value). After 6 weeks of intake, in the test group the
SBP (135.2 � 7.8 mm Hg) was significantly lower (P �
.05) compared with the placebo group (137.8 � 7.3 mm Hg).
Thereafter, this antihypertensive effect was observed in the
test group over the experimental period. The SBP reached
132.2 � 7.3 mm Hg (P � .01 vs. placebo) at week 10 and
132.3 � 7.3 mm Hg (P � .01 vs. placebo) at week 12. A
similar tendency was observed with the DBP reading. In the
test group, after 8 weeks of intake DBP (81.7 � 5.5 mm Hg)
was significantly lower (P � .01) when compared with the
placebo group (84.5 � 6.1 mm Hg) (Table 3). This reduc-
tion was sustained over the intake period. There was no sta-
tistically significant difference in pulse rate between the two
groups (data not shown). No significant correlation was ob-
served between the reduction in blood pressure and pulse
rate.

In the stratified analysis, the effect of drink on blood pres-
sure in subjects with high-normal blood pressure or mild hy-
pertension was assessed. The 104 subjects (39 men and 65
women, 49 � 10 years old, initial SBP/DBP � 135 �
2/84 � 5 mm Hg) with high-normal blood pressure partici-
pated in this study. As shown in Figure 1, significant dif-
ferences between the two groups were observed in SBP af-
ter 6 weeks of intake, and in DBP after 8 weeks of intake.
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TABLE 2. CHARACTERISTICS OF SUBJECTS

Characteristic Placebo group (n � 72) Test group (n � 72)

M/F 29�43 28�44
Age (years) 50 � 10 51 � 10
Height (cm) 161 � 8 162 � 10
Body weight (kg) 63 � 11 63 � 12
BMI (kg/m2) 24 � 3 24 � 3
Blood pressure (mm Hg)

SBP 138 � 6 138 � 7
DBP 85 � 5 85 � 5

Pulse rate (beats/minute) 72 � 9 73 � 9

Data are presented as mean � SD. No significant differences were observed between
the test and placebo groups.



SBP, which was 134.7 � 2.5 mm Hg at week 0, decreased
significantly to 130.0 � 6.1 mm Hg at 10 weeks (P � .01
vs. placebo) and 130.1 � 6.0 mm Hg after 12 weeks of in-
take of drink (P � .01 vs. placebo). Moreover, a significant
difference between the test and placebo group was observed
with the SBP (P � .05) by ANOVA. The DBP decreased
significantly to 80.8 � 4.6 mm Hg (P � .01 vs. placebo) af-
ter 8 weeks of intake, and this was maintained throughout
the intake period. The 40 subjects with mild hypertension
(18 men and 22 women, 56 � 9 years old, initial
SBP/DBP � 147 � 4/88 � 5 mm Hg) were included in this
study. A significant difference in the SBP between the test
group and placebo group was observed (P � .05) by
ANOVA. The SBP decreased significantly to 138.0 � 7.1
mm Hg (P � .05 vs. placebo) at week 10 and to 137.8 �
7.7 mm Hg (P � .05 vs. placebo) at week 12 (Fig. 2). The
DBP decreased significantly to 82.3 � 5.3 mm Hg from the
initial value (87.6 � 4.2 mm Hg), but this was not signifi-
cant compared with placebo.

Adverse events

Although a few gastrointestinal symptoms were observed
(reported in five subjects in the test group and five subjects
in the placebo group), these symptoms quickly resolved and
were not considered to be treatment related. A skin symp-
tom was observed for two subjects in the placebo group.
However, these symptoms were temporary and were not
considered to be related to the supplementary drinks by the
medical examinations of a doctor. No dry coughs or other

events, considered attributable to the supplementary drinks,
were observed in this study.

BMI and urinary and blood analyses

There were no significant changes in body weight or BMI
during the experimental period in both groups (data not
shown). At week 0 and week 12, BMI was 24.0 � 3.3 and
23.9 � 3.3, respectively, in the test group and 24.1 � 3.4 and
24.1 � 3.3, respectively, in the placebo group. Table 4 show
the result of an estimated 24-hour excretion of potassium and
sodium in the urine and hematology and blood biochemistry
tests performed before intake (week 0) and on the final day
of the intake period (week 12). With respect to the estimated
24-hour urinary excretions of sodium and potassium at weeks
0 and 12, there were no significant changes in either group.
Slight variations were observed for white blood cell or chlo-
ride in the test group and glutamic oxaloacetic transaminase
in the placebo group. In both groups, slight variations were
observed in red blood cell, platelet, hematocrit, high-density
lipoprotein cholesterol, total protein, glucose, sodium, potas-
sium, calcium, and magnesium. However, all of these varia-
tions were small and within the normal range, and no signif-
icant difference between the two groups was observed.

DISCUSSION

This study assessed the effect of casein hydrolysate, pre-
pared with protease derived from A. oryzae, on the blood
pressure of subjects with high-normal blood pressure and
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TABLE 3. COMPARISON OF MEAN CHANGES IN BLOOD PRESSURE BETWEEN PLACEBO AND TEST GROUPS

Placebo group (n � 72) Test group (n � 72) P

SBP (mm Hg)
Week �2 138.1 � 6.3 138.5 � 6.8
Week �1 138.2 � 6.0 138.3 � 6.6
Week 0 138.5 � 6.7 138.2 � 6.5
Week 2 137.3 � 8.3 137.0 � 7.2
Week 4 136.5 � 7.3 135.5 � 7.9
Week 6 137.8 � 7.3 135.2 � 7.8 �0.05
Week 8 137.8 � 7.5 134.5 � 7.9 �0.05
Week 10 136.6 � 8.0 132.2 � 7.3 �0.01
Week 12 136.4 � 8.0 132.3 � 7.3 �0.01
2-week follow-up 135.6 � 7.0 133.2 � 6.6 �0.05
4-week follow-up 136.3 � 7.6 133.8 � 7.0 �0.05

DBP (mm Hg)
Week �2 84.5 � 4.8 84.9 � 4.6
Week �1 85.1 � 5.2 85.0 � 5.1
Week 0 85.2 � 5.7 84.4 � 5.3
Week 2 84.3 � 7.0 82.9 � 6.1
Week 4 84.0 � 6.4 82.6 � 5.8
Week 6 84.4 � 7.6 82.8 � 5.7
Week 8 84.5 � 6.1 81.7 � 5.5 �0.01
Week 10 83.8 � 6.5 81.0 � 5.3 �0.01
Week 12 83.7 � 5.6 81.2 � 4.8 �0.01
2-week follow-up 82.7 � 7.0 82.0 � 4.7
4-week follow-up 83.2 � 7.1 82.7 � 4.7

Data are presented as mean � SD. When a P value is given there was a significant difference between the two groups.



mild hypertension. The SBP and DBP in the test group ex-
hibited a statistically significant decrease compared with the
placebo group. After 10 weeks of intake, SBP and DBP de-
creased by 6.0 � 6.6 (P � .001 vs. placebo) and 3.4 � 5.7
mm Hg (P � .05 vs. placebo), respectively, in the test group,
and this reduction was maintained to the end of the intake
period (week 12). In the stratified analysis, similar results
were observed in blood pressure response of the two groups
with high-normal blood pressure or mild hypertension. In
the subjects with high-normal blood pressure, SBP and DBP
significantly decreased by 4.6 � 6.2 mm Hg (P � .05 vs.
placebo) and 2.4 � 5.0 mm Hg, respectively, at week 12 in
the test group. In the case of subjects with mild hyperten-
sion, SBP and DBP in the test group significantly decreased
by 9.5 � 7.5 mm Hg (P � .05 vs. placebo) and 5.2 � 5.1
mm Hg (P � .05 vs. placebo) at week 12, respectively.
These results demonstrate that casein hydrolysate, prepared
with protease derived from A. oryzae, shows an antihyper-
tensive effect in subjects with high-normal blood pressure
and mild hypertension.

It is known that a reduction in body weight and the in-
take of sodium and adequate intake of potassium have an
effect on blood pressure.25–27 In the present study, the test
and placebo drinks were prepared so that they had a simi-
lar nutritional content. Subjects were instructed not to mod-
ify their daily lifestyle, such as changing their diet and ex-
ercise, except for taking the supplementary drink (test or
placebo). With respect to body weight and BMI, there were
no significant changes after taking the drink for 12 weeks

in the test group; urinary excretion of sodium and potassium
were also not significantly changed. Taken overall, these re-
sults suggest that the blood pressure-lowering effect ob-
served with the test drink cannot be attributed to blood pres-
sure-lowering factors, such as changes in body weight or
reduction in sodium intake or increase in potassium intake.

Amino acid sequence analysis of A. oryzae casein hy-
drolysate suggested that short peptides consisting of X-Pro-
Pro and X-Pro were major components of the peptide mix.21

It was also reported that A. oryzae casein hydrolysate con-
tained Val-Pro-Pro and Ile-Pro-Pro, which are potent ACE
inhibitors.22 Animal and in vitro studies suggested that these
tripeptides could be absorbed in an intact form from the gas-
trointestinal system to produce a reduction in blood pressure
via the inhibition of the tissue renin–angiotensin sys-
tem.28–30 A. oryzae protease was selected because the ca-
sein hydrolysate produced by this enzyme possessed both
the highest ACE inhibitory activity in vitro and antihyper-
tensive effect to SHR.21 Therefore ACE inhibitory compo-
nents such as Val-Pro-Pro and Ile-Pro-Pro, produced in ca-
sein hydrolysate, are thought to play an important role in
the antihypertensive activity.

Several antihypertensive medicines are known to show a
rapid and abnormal elevation of blood pressure (so-called
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FIG. 1. Changes of SBP and DBP in the placebo group (�; n � 52)
and the test group (�; n � 52) in subjects with high-normal blood
pressure. Data are mean � SD. *P � .05, **P � .01, significantly dif-
ferent compared with the placebo group.

FIG. 2. Changes of SBP and DBP in the placebo group (�; n � 20)
and the test group (�; n � 20) in subjects with mild hypertension.
Data are mean � SD. *P � .05, significantly different compared with
the placebo group.



rebound phenomenon) after termination of treatment. How-
ever, no rebound phenomenon was observed in this study.
When the subjects stopped taking the test product after 12
weeks, DBP exhibited a tendency to return to the initial val-
ues. In contrast, decreased SBP was maintained 4 weeks af-
ter intake of the test product ended. Although the mecha-
nism of the sustained antihypertensive effect observed over
several weeks following the cessation of intake is unclear,
previous studies have shown similar results.31–33 In several
ACE inhibitory substances, the slow absorption and the in-
hibition of the tissue renin–angiotensin system were reported
in human or animal studies.29,34,35 Peptide composition of
A. oryzae casein hydrolysate was reported to mainly com-
prise small peptides, X-Pro-Pro and X-Pro.21 Peptides con-
taining Pro residues show the resistance to degradation by
enzymatic action.36,37 This may help to explain the phe-
nomenon observed in the present study. However, it still re-
mains unclear why there is a difference in SBP and DBP re-
sponse after cessation of intake. Further studies are required
to confirm the changes in blood pressure response after ter-
mination of intake and investigate possible mechanisms.

Significant differences were observed in some blood tests
before and after 12 weeks of intake in both groups. How-
ever, since all of these changes were small and remained
within the normal range, they were not considered to be clin-

ically significant. In addition, there were no adverse reac-
tions recorded, judged from both subjective and objective
observations. These results suggest that the A. oryzae hy-
drolysate used in this study is tolerated and does not cause
any side effects.

Many ACE inhibitory peptides have been isolated from
the proteolytic hydrolysate of food proteins derived from
milk, maize, fish meat, etc.8,10–12 Antihypertensive effects
have been reported in a few clinical trials of borderline and
mild hypertension using sardine muscle hydrolysate or dried
bonito hydrolysate.38,39 However, it is not clear whether
these hydrolysate preparations have a blood pressure-low-
ering effect on individuals with high-normal blood pressure.
Although the present study shows the possibility that other
proteolytic hydrolysates of food proteins also have the same
effect as A. oryzae hydrolysate, the magnitude of decrease
in blood pressure might differ among them because of pep-
tide composition.

Recent new guidelines (the seventh report of the Joint Na-
tional Committee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure) have defined individu-
als with an SBP of 120–139 mm Hg or a DBP of 80–89 mm
Hg as suffering from prehypertension and suggested they
should adopt a healthy lifestyle in order to prevent CHD.40

The availability of an effective non-drug product, with the
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TABLE 4. 24-HOUR URINALYSIS, HEMATOLOGY, AND BLOOD CHEMISTRY BEFORE WEEK 0 AND

AFTER WEEK 12 TREATMENT IN PLACEBO OR TEST GROUPS

Placebo group Test group

Week 0 Week 12 Week 0 Week 12

24-hour urinalysis
Potassium (mmol/day) 48 � 13 48 � 11 47 � 12 48 � 12
Sodium (mmol/day) 210 � 67 209 � 50 204 � 53 211 � 58

Hematology
Red blood cells (1012/L) 4.7 � 0.4 4.6 � 0.4a 4.5 � 0.4 4.5 � 0.5a

White blood cells (109/L) 5.3 � 1.6 5.3 � 1.8 5.5 � 1.5 5.2 � 1.3a

Platelets (109/L) 268 � 83 255 � 71b 248 � 62 238 � 54b

Hemoglobin (g/L) 141 � 15 140 � 15 141 � 14 140 � 15
Hematocrit (%) 42.3 � 3.9 41.4 � 3.7c 42.4 � 3.6 41.4 � 3.8c

Blood chemistry variables
GOT (U/L) 22 � 10 20 � 11c 23 � 10 22 � 20
GPT (U/L) 22 � 15 22 � 14 23 � 15 23 � 17
Urea nitrogen (mmol/L) 5.0 � 1.4 5.1 � 1.4 4.7 � 1.1 4.8 � 1.3
Creatinine (�mol/L) 78 � 13 78 � 13 81 � 16 80 � 15
Total cholesterol (mmol/L) 5.59 � 0.85 5.53 � 0.90 5.74 � 0.95 5.66 � 1.01
HDL cholesterol (mmol/L) 1.56 � 0.46 1.49 � 0.43b 1.56 � 0.41 1.47 � 0.35b

Total protein (g/L) 74 � 4 73 � 4a 74 � 4 73 � 5a

Glucose (mmol/L) 5.4 � 0.8 5.1 � 0.7c 5.3 � 0.7 5.0 � 0.7c

Uric acid (�mol/L) 313 � 72 319 � 70 327 � 86 329 � 89
Sodium (mmol/L) 140 � 1 141 � 1b 140 � 2 141 � 1c

Potassium (mmol/L) 4.6 � 0.4 4.3 � 0.3c 4.7 � 0.4 4.3 � 0.3c

Chloride (mmol/L) 101 � 2 101 � 2 101 � 2 102 � 2b

Calcium (mmol/L) 2.34 � 0.08 2.26 � 0.08c 2.34 � 0.08 2.25 � 0.09c

Magnesium (mmol/L) 0.96 � 0.05 0.94 � 0.06b 0.96 � 0.06 0.94 � 0.05c

GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; HDL, high-density lipoprotein.
Significant difference between weeks 0 and 12: aP � .05, bP � .01, cP � .001.



ability to produce a sustained reduction in blood pressure
when taken long-term, could have an important public health
impact by reducing CHD risk. The casein hydrolysate, pre-
pared with protease derived from A. oryzae, offers one such
non-pharmacological approach, and we have shown here
that it could provide an effective and novel means of pre-
venting the development of hypertension.
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We describe a clinical trial to study the efficacy of a casein hydrolysate, prepared using an Aspergillus oryzae protease, containing the major angio-

tensin-I-converting enzyme inhibitory peptides Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP) in a single-blind, placebo-controlled study. A total of 131 vol-

unteers with high-normal blood pressure and mild hypertension were randomly divided into four groups (n 32 or 33 in each group). Each volunteer was

given two tablets containing four different dosages of VPP and IPP (VPP þ IPP: 0, 1·8, 2·5 and 3·6mg), daily for 6 weeks. A significant decrease in

systolic blood pressure was observed at 6 weeks in the active group receiving 1·8mg (P,0·01) VPP and IPP; in the active groups receiving either

2·5mg or 3·6mg, systolic blood pressure was decreased at both 3 weeks (P,0·05 and P,0·05) and 6 weeks (P,0·001 and P,0·0001) compared with

systolic blood pressure measured before treatment. Changes in the systolic blood pressure after 6 weeks of treatment in the four groups were 21·7,

26·3, 26·7 and 210·1mmHg, and these effects were dose dependent. In addition, a significant difference in systolic blood pressure between the pla-

cebo group and the VPP and IPP group receiving 3·6mg was observed (P,0·001) by two-way ANOVA. The antihypertensive effect was greater in

mildly hypertensive subjects (n 20 or 21 in each group) than in any of the other subjects. No significant change of diastolic blood pressure was

observed for all the test groups, and no differences in diastolic blood pressure in the test sample groups compared with the placebo group were

observed during the test period.

Antihypertensive effect: Clinical study: Casein hydrolysate: VPP and IPP

Hypertension is a risk factor in various CVD, such as arterio-

sclerosis and cardiac infarction. Maintaining blood pressure

within the normal range is very important in reducing the risk

of these CVD. Many antihypertensive agents have been devel-

oped to reduce the risk for hypertensive patients (Atkinson et al.

1980; Ferguson et al. 1980; Staessen 1981; Stornello et al. 1983),

and daily diets have been reported in order to help control blood

pressure; these include Dietary Approaches to Stop Hypertension,

which recommends vegetable, fruits and low-fat dairy foods

(Svetkey et al. 2001; Conlin et al. 2000; Moore et al. 1999). Fur-

thermore, many antihypertensive peptides have been isolated

from various hydrolysates of food proteins (Maruyama et al.

1985; Miyoshi et al. 1991; Yokoyama et al. 1992; Matsumura

et al. 1993). Most of these peptides have the inhibitory activity

of angiotensin-I-converting enzyme (ACE, kininase II; EC

3.4.15.1), which plays an important role in the regulation of

blood pressure by catalysing the production of a vasoconstrictor,

angiotensin II, and inactivating a vasodilator, bradykinin

(reviewed in Meisel & Bockelmann, 1999; Takano, 1998; Yama-

moto & Takano, 1999; Yamamoto et al. 2003). The antihyperten-

sive effects of ACE inhibitory peptides have been proven using

Lactobacillus helveticus-fermented milk in hypertensive subjects

(Hata et al. 1996), in a pilot study (Seppo et al. 2002), over a

long-time period (Seppo et al. 2003) and with an enzymatic

hydrolysate of a sardine protein (Kawasaki et al. 2000).

In our previous study, the ACE inhibitory peptides Val-Pro-Pro

(VPP) and Ile-Pro-Pro (IPP) were isolated from casein by the pro-

teolysis of L. helveticus through fermentation (Nakamura et al.

1995a,b). Among lactic acid bacteria-fermented milks, the antihy-

pertensive effect was specific to the L. helveticus-fermented milk

in a study using spontaneously hypertensive rats (Yamamoto et al.

1994; Masuda et al. 1996; Nakamura et al. 1996). A functional

food product processed from L. helveticus-fermented milk was

proven to have an antihypertensive effect in a clinical trial and

is recognised as a Foods for Specified Health Uses product in

Japan. However, L. helveticus-fermented milk still contains

much unhydrolysed casein, and the productivity of VPP and

IPP by milk fermentation is limited. A new enzymatic method

for manufacturing these two peptides from casein was recently

developed using an Aspergillus oryzae protease (Mizuno et al.

2004).

Peptide material produced by the A. oryzae protease (A. oryzae

hydrolysate) has advantages over L. helveticus-fermented milk in

that the production cost is lower and the applications are more

versatile. It is, however, necessary to determine the clinical

efficacy of the A. oryzae hydrolysate in order to evaluate
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Abbreviations: ACE, angiotensin-1-converting enzyme; DBP, diastolic blood pressure; IPP, Ile-Pro-Pro; SBP, systolic blood pressure; VPP, Val-Pro-Pro inhibitory peptide.

British Journal of Nutrition (2005), 94, 84–91 DOI: 10.1079/BJN20051422

q The Authors 2005



the possibility of use in hypertensive subjects because the peptide

profile differs from that of L. helveticus-fermented milk. The aim

of the present study was to investigate the effect of the A. oryzae

hydrolysate containing the ACE inhibitory peptides VPP and IPP

on subjects with high-normal blood pressure and mild hyperten-

sion, as defined by the World Health Organization/International

Society of Hypertension in 1999, using a single-blind, placebo-

controlled study (Chalmers et al. 1999). In this clinical study,

the antihypertensive effects of the A. oryzae hydrolysate, using

four different dosages, were studied.

Materials and methods

Screening

Participants with a systolic blood pressure (SBP) of

130–159mmHg and a diastolic blood pressure (DBP) of

85–99mmHg treated for more than 2 months in the Souiken

Clinic in Osaka in a previous analysis were recruited from the

clinic’s database. A total of 136 clinically healthy volunteers,

aged between 30 and 57 years, not taking any medication contain-

ing antihypertensive agents and who were categorised as having

high-normal blood pressure (SBP 120–139mmHg), and mildly

hypertensive (SBP 140–159mmHg) volunteers based on the

World Health Organization/International Society of Hypertension

(Chalmers et al. 1999) definition, were selected. Five subjects

withdrew for personal reasons, leaving 131 eligible subjects:

fifty-two men and seventy-nine women (forty-eight high-normal

blood pressure and eighty-three mild hypertension). Subjects

were divided into four groups for different dosages of the A.

oryzae hydrolysates, without any significant difference in age,

blood pressure, pulse rate, standing height, body weight or obesity

index (Table 1). Subjects were excluded if any of the following

exclusion criteria were present: secondary hypertension, an

allergy to milk, chronic drinking, diabetes, pregnancy, severe

anaemia, severe diseases or constant use of oral medication or

supplements affecting blood pressure. All subjects were given

an explanation of the purpose of this study, and once they under-

stood the details sufficiently, they were asked to sign a consent

form for the study. This study was approved by the Joint Insti-

tutional Review Board of Soiken, Inc. and Soiken Clinic (both

Osaka, Japan).

Preparation of test samples

The A. oryzae hydrolysate for test samples was prepared by casein

hydrolysis of the A. oryzae protease, as described in a previous

paper (Mizuno et al. 2004), with slight modification. Briefly,

sodium caseinate was dissolved in hot water (908C) adjusting the

pH to 7·0 by adding NaOH to a final concentration of 15% (w/v)

and cooled to 508C (casein solution). Enzyme isolated from A.

oryzae (Sumizyme FP; Shinnihon Chemical Co. Ltd, Aichi,

Japan) was then dissolved in water at 20% (w/v), added to the

casein solution to a final concentration of 0·6% and incubated at

508C for 14 h. After the reaction, proteolytic enzyme in the

casein hydrolysate was inactivated by heating at 1008C for 30 s,

concentrated and spray-dried into powder (A. oryzae hydrolysate).

Table 1. Baseline characteristics of study subjects

(Mean values and standard deviations)

Test group (VPP þ IPP)

Characteristic Placebo group SD 1·8 mg SD 2·5 mg SD 3·6 mg SD

n Total 32 33 33 33

High-normal 12 12 12 12

Mild hypertension 20 21 21 21

Male:female Total 13:19 14:19 12:21 13:20

High-normal 3:9 3:9 3:9 3:9

Mild hypertension 10:10 11:10 9:12 10:11

Age (years) Total 44·7 13·6 42·7 13·6 44·9 13·0 44·7 12·99

High-normal 42·6 12·1 47·3 8·7 50·2 13·0 42·9 12·39

Mild hypertension 46·0 14·7 40·1 15·3 41·8 12·2 45·8 13·51

Height (cm) Total 163 9·0 161·7 10·2 161·3 8·9 162·1 9·2

High-normal 160·9 7·8 158·7 9·2 159·5 8·1 158·2 7·4

Mild hypertension 164·3 9·7 163·4 10·5 162·2 9·3 164·3 9·5

Body weight (kg) Total 62·1 8·9 62·6 15·9 61·5 10·7 62·5 12·3

High-normal 62·0 7·5 64·0 22·0 59·8 11·5 64·9 14·1

Mild hypertension 62·1 9·8 61·8 11·6 62·4 10·4 61·1 11·2

BMI (kg/m2) Total 23·4 2·9 23·8 4·4 23·6 3·6 23·7 4·0

High-normal 24·0 3·0 25·0 6·1 23·5 4·0 25·9 5·0

Mild hypertension 23·0 2·9 23·1 3·1 23·7 3·6 22·5 2·8

SBP (mmHg) Total 143·6 9·3 144·2 8·3 143·6 8·0 143·7 8·6

High-normal 133·2 2·5 134·8 2·2 134·5 2·6 134·2 2·8

Mild hypertension 149·8 5·3 149·6 5·0 148·8 4·5 149·1 5·4

DBP (mmHg) Total 86·2 5·4 86·4 5·9 86·0 6·0 86·1 5·9

High-normal 81·6 2·2 81·9 4·9 81·7 3·5 81·6 4·6

Mild hypertension 89·0 4·9 88·9 4·8 88·5 5·6 88·6 5·0

Pulse rate (beats/min) Total 69·5 4·4 68·4 6·3 69·3 4·4 68·4 4·9

High-normal 69·3 4·0 69·0 6·7 68·8 4·6 68·7 4·5

Mild hypertension 69·6 4·7 68·1 6·1 69·5 4·4 68·2 5·3

IPP, Ile-Pro-Pro; VPP, Val-Pro-Pro; SBP, systolic blood pressure; DBP, diastolic blood pressure.

No significant difference was observed between the groups.
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VPP and IPP in the A. oryzae hydrolysate were measured as the

major active components using a liquid chromatography mass

spectrometry method, described in a previous report (Matsuura

et al. 2005). Dairy dosage was calculated as the sum of the two

active peptides, VPP and IPP. Aspergillus oryzae hydrolysate

containing 0, 1·8, 2·5 or 3·6mg of the two peptides was blended

with sweeteners and flavourings before being made into

tablets (Table 2). Amino nitrogen in the A. oryzae hydrolysate

was analysed as protein content, and the amino nitrogen levels in

all the samples, including the placebo sample, were adjusted to

the same levels by adding sodium caseinate as a nitrogen source

(Table 2).

Study design

A randomised, single-blind, placebo-controlled study was con-

ducted over an 8-week period, consisting of a 2-week pretreat-

ment period and a 6-week treatment period. Subjects in the

placebo group (n 32), test sample group 1 (n 33), test sample

group 2 (n 33) and test sample group 3 (n 33) were requested

to ingest two tablets containing 0, 1·8, 2·5 or 3·6mg VPP and

IPP, respectively, with every breakfast for 6 weeks. In addition,

subjects were also requested not to change their daily lifestyle,

including smoking and exercising, except if taking dairy products

or health foods with blood pressure-lowering effects.

Measurements of blood pressure, pulse rate, body weight and

standing height, and a medical examination, were performed at

the Soiken Clinic on all subjects at 2 weeks before and at 0, 1, 3

and 6 weeks after the start of treatment. To measure these

parameters, all subjects were requested to visit the clinic to

measure their blood pressure without taking test samples. All

medical examinations were performed by a medical doctor.

Blood pressure was the average value of three measurements

taken in the morning (each by a trained nurse), in a sitting position,

using a mercury sphygmomanometer after at least 10min rest.

Blood specimens were taken at 0 and 6 weeks of treatment. Urea

nitrogen, creatin, uric acid, electrolytes (Naþ, Kþ, Cl2, Ca2þ and

Mg2þ), glutamic-oxaloacetic transaminase, glutamic-pyruvic

transaminase, alkaline phosphatase, g-glutamyltranspeptidase,

lactate dehydrogenase, total bilirubin, peripheral blood (leucocyte

count, erythrocyte count, mean corpuscular haemoglobin, haema-

tocrit, mean corpuscular volume, mean corpuscular haemoglobin

concentration, platelet count), total protein, albumin, albumin:glo-

bulin ratio, blood glucose, haemoglobin A1c, total cholesterol,

HDL-cholesterol and triacylglycerol measurements were obtained

from blood samples.

Statistical analyses

All measured values represent means and standard deviations in

the tables, and means and standard errors in the figures. Blood

pressure and pulse rate for each test group were compared with

those of the placebo group during the test period, and analysed

using two-way ANOVA. SPSS Version 10 (SPSS Inc. Co. Ltd,

Chicago, IL, USA) was used for statistical analysis and was

considered as statistically significant if P,0·05 resulted from a

two-tailed test analysis. Changes in blood pressure, pulse rate,

body weight and BMI after treatment were analysed by a paired

Student’s t-test for each subject from the starting value.

Results

Subjects and demographics

A total of 131 eligible subjects (fifty-two men and seventy-nine

women; forty-eight with high-normal normal blood pressure and

eighty-three with mild hypertension) were randomly allocated

into four groups. The demographic and total characteristics of

the four groups are listed in Table 1. No significant differences

were observed between the four groups of both high-normal

blood pressure and mildly hypertensive subjects with respect to

gender, age, SBP, DBP, BMI, body weight, height, and pulse rate.

Blood pressure response in all subjects

Changes in blood pressure (SBP and DBP) in subjects with high-

normal blood pressure andmild hypertension in the test and placebo

groups are presented in Fig. 1. A significant decrease in SBP (a fall

of 5·8mmHg) was observed in the group receiving 1·8mg VPP and

IPP at 6 weeks (P,0·01) when compared with the value at week 0.

Significant decreases were also observed in the groups receiving

2·5mg and 3·6mg VPP and IPP at 3 weeks (decreases of 3·4 and

4·1mmHg; P,0·05 and P,0·05, respectively) and 6 weeks

(decreases of 6·2 and 9·3mmHg; P,0·001 and P,0·0001, respect-

ively) when compared with the value at week 0. In addition, a sig-

nificant difference between the placebo group and the A. oryzae

peptide-intake group was observed at a dosage of 3·6mg

(P,0·001) by two-way ANOVA. No significant differences were

observed between the placebo group and A. oryzae peptide-intake

groups at dosages of 1·8 and 2·5mg. No significant differences in

DBP or pulse rate were observed between the placebo group and

any of the A. oryzae peptide-intake groups (Fig. 1). There were

also no significant differences in the changes in each blood pressure

value during the test period (data not shown).

Blood pressure response in groups with high-normal blood

pressure or mild hypertension

In this study, twelve subjects in each group had high-normal

blood pressure, and SBP averages in the four groups were

Table 2. Nutrition composition of the placebo and test samples

Test group (VPP þ IPP)

Placebo group 1·8 mg 2·5 mg 3·6 mg

Energy (kJ/d) 60·7 60·7 60·7 60·7

Energy (kcal/d) 14·5 14·5 14·5 14·5

Moisture (mg/d) 28·8 28·8 32·4 32·4

Protein† (g/d) 0·55 0·52 0·51 0·49

Fat (g/d) 0·10 0·10 0·10 0·10

Carbohydrate (g/d) 2·8 2·8 2·8 2·9

Ash (g/d) 32·4 32·4 32·4 32·4

Fibre (g/d) 0·09 0·08 0·08 0·09

Naþ (mg/d) 6·8 7·6 7·9 8·3

Kþ (mg/d) 1·0 1·0 1·1 1·2

Ca2þ (mg/d) 4·3 4·3 4·3 4·3

Mg2þ (mg/d) 0·11 0·14 0·14 0·18

P (mg/d) 6·12 6·12 6·12 6·12

VPP (mg/d) ND 0·89 1·27 1·86

IPP (mg/d) ND 0·86 1·2 1·76

IPP, Ile-Pro-Pro; VPP, Val-Pro-Pro; ND, not determined.

† Protein: amino nitrogen contents in all samples were analysed and adjusted to the same

level by adding sodium caseinate.

S. Mizuno et al.86



133·2–134·8mmHg. The subjects’ average SBP (n 20 or 21) fell

within the range 148·8–149·8 if mildly hypertensive subjects

were selected for the analysis. Statistical analysis was carried out

for each of the two groups (high-normal and mildly hypertensive

groups).

In the analysis of the mildly hypertensive subjects, significant

differences in SBP were observed after 3 weeks’ administration of

2·5mg and 3·6mg VPP and IPP (24·4 and 26·1mmHg, P,0·05

and P,0·01, respectively), and after 6 weeks’ administration of

1·8, 2·5 and 3·6mg VPP and IPP (28·4, 28·9 and 213·0mmHg;

P,0·01, P,0·01 and P,0·001, respectively; Table 3) compared

with the values before treatment. Moreover, a significant difference

in SBP was observed during the treatment of mildly hypertensive

subjects with 3·6mg of VPP and IPP when compared with the pla-

cebo group, using two-way ANOVA. A significant difference in

DBP was also observed in mildly hypertensive subjects 3 weeks

after treatmentwith 1·8mgVPP and IPP and 6weeks after treatment

with 3·6mg VPP and IPP, compared with values before treatment

(Table 3). However, no significant difference was observed in

DBP between the placebo group and any A. oryzae peptide-intake

group for the mildly hypertensive subjects.

No significant difference was observed between the pulse rate

of the placebo group and of any of the A. oryzae peptide-intake

groups, but the pulse rate was significantly higher in the group

treated with 1·8mg VPP and IPP 1 week after the start of treat-

ment (data not shown). There were, however, no other relevant

parameters linked to this change of pulse rate.

No significant differences were observed in SBP, DBP and

pulse rate between the placebo group and high-normal blood

pressure subjects in the VPP and IPP intake groups, using

ANOVA (Table 3). In addition, there were no significant changes

in SBP, DBP and pulse rate during the treatment period compared

with the starting value.

Body weight, BMI and haematological study

Changes in body weight, BMI, haematology parameters and

blood biochemistry measured before and after treatment for all

volunteers are shown in Tables 1 and 4. Body weight and BMI

were significantly decreased after 1week of treatment in the placebo

group and the 2·5mg two-peptide-intake group, in comparison to the

values before treatment, but there were no significant changes in the

other groups during treatment. Table 4 details the results of the hae-

matology and blood biochemistry study performed before and after

treatment. Significant changes were observed at 6 weeks in all

groups with respect to Naþ, albumin, albumin:globulin ratio and

haemoglobin AIC level compared with the values before treatment.

The concentration of Kþ in the 2·5mg two-peptide-intake group

was significantly higher than that in the placebo group at 6 weeks

after treatment. However, all of these changes remained within

the normal range, and there were no abnormal variations.

Treatment-related adverse events

During the 6 weeks of treatment, a few minor adverse events

were observed in all groups. Nine subjects (six in the placebo

group and three in the peptide groups) caught colds, four (two

in the placebo group and two in the peptide groups) had diar-

rhoea, one subject (peptide groups) developed constipation, and

two (one in the placebo group and one in the peptide groups)

had pruritis. These symptoms were, however, seen in both the

peptide and the placebo groups; all the subjects recovered

during treatment, and the conditions were not considered to be

treatment related. No dry coughs or skin and gastrointestinal

symptoms were observed.

Discussion

Dose-dependent antihypertensive effects of various bioactive pep-

tides have been reported in animal studies (Nakamura et al.

1995b; Maeno et al. 1996; Yamamoto et al. 1999). However,

dose-dependent effects of these antihypertensive peptides have

not yet been studied in hypertensive subjects. In this study,

significant decreases in SBP (5·8, 6·2 and 9·3mmHg, respectively)

were detected for all subjects with dosages of VPP and IPP ran-

ging from 1·8 to 3·6mg at 6 weeks after treatment. These effects,

detected by repeated ingestions of an A. oryzae hydrolysate, were

slight, but clear dose-dependent effects were measured for four

different dosages, ranging from 0 to 3·6mg VPP and IPP, over

a 6-week treatment period. Moreover, no limitation of the antihy-

pertensive effect was observed with increasing dosages in this

study, even when the highest peptide dosage (3·6mg) was

ingested. Therefore, a stronger blood pressure-lowering effect

on hypertensive subjects may be expected as the dosage of the

two peptides increases or the treatment period is prolonged.

Increases in the dosage of VPP and IPP could be easily controlled

in the final product if the A. oryzae hydrolysate were used,

although it would be difficult with the conventional L. helveti-

cus-fermented milk.

The A. oryzae hydrolysate has a different composition of VPP

and IPP compared with L. helveticus-fermented milk (Hata et al.

1996). The ratio of VPP and IPP concentrations (VPP/IPP) in

A. oryzae was previously approximated to 1, whereas in L. helve-

ticus-fermented milk it was approximately 2. However, the total

amount of ACE inhibitory activity of VPP and IPP in the

Fig. 1. Changes in systolic and diastolic blood pressure in subjects with high-

normal blood pressure and mild hypertension with four dosages of casein

hydrolysate prepared with Aspergillus oryzae protease. Systolic (W, K, S, A)

and diastolic (X, O, V, B) blood pressure were measured at 22, 0, 1, 3 and

6 weeks with respect to starting the intake. The sum of the concentrations of

Val-Pro-Pro and Ile-Pro-Pro were 0 mg (W and X), 1·8 mg (e and O), 2·5 mg

(S and V) and 3·6 mg (A and B). Mean values were significantly different

from starting values (*P,0·05, **P,0·01 and ***P,0·001) and also from the

control group (†P,0·05 and ††P,0·01).
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A. oryzae hydrolysate was almost the same as that in L. helveti-

cus-fermented milk when comparing these ACE inhibitory activi-

ties (VPP and IPP, 9 and 5mM, respectively; Nakamura et al.

1995a). In this study, the decrease in blood pressure in mildly

hypertensive subjects 6 weeks after treatment was 13·0mmHg

with dosages of 3·6mg VPP and IPP. In a previous study, a

daily consumption of L. helveticus-fermented milk product con-

taining 3·9mg VPP and IPP caused a fall in blood pressure of

about 12·7mg in mildly hypertensive subjects 6 weeks after treat-

ment (Kajimoto et al. 2001).

Our study shows that A. oryzae hydrolysate and L. helveticus-

fermented milk have similar antihypertensive effects with almost

the same dosage of the two peptides. It also indicates that VPP

and IPP are the major active components in the A. oryzae hydro-

lysate because any slight differences in the composition ratio of

VPP/IPP between the fermented milk and the A. oryzae hydroly-

sate may not affect the antihypertensive effects in human subjects.

For the high-normal blood pressure subjects, a significant

decrease in blood pressure (5·5mmHg) in fifty-three subjects

with high-normal blood pressure after the daily consumption of

a yoghurt-like product containing 3·7mg VPP and IPP has pre-

viously been reported (Nakamura et al. 2002). However, the A.

oryzae hydrolysate containing 1·8–3·6mmHg VPP and IPP

showed no significant effect on subjects with high-normal blood

pressure in this small study (n 12). Therefore, a large number

of volunteers may be necessary to detect significant changes in

blood pressure for high-normal subjects in a clinical trial as pre-

viously reported (Nakamura et al. 2002). On the other hands,

these findings indicate the safety of the A. oryzae hydrolysate

because it is active only in hypertensive subjects and not in

normotensive people. In conclusion, the A. oryzae hydrolysate

had no significant adverse effects throughout the test period and

had potential as a functional peptide to reduce CVD and high

blood pressure in hypertensive individuals.

Blood pressure continued to decrease in the volunteers during

the daily repeated intake of the A. oryzae hydrolysate over the

6 weeks, the effects being greatest 6 weeks after the start of pep-

tide administration. These findings indicate a persistent blood

pressure-lowering effect by repeated ingestion of the A. oryzae

peptide. A previous paper reported similar results of a mild

decrease in blood pressure from the repeated ingestion of VPP

and IPP in fermented milk, and a further decrease in blood

pressure was measured 4 weeks after treatment had ceased

(Hata et al. 1996). To fully understand the mild and persistent

clinical efficacy of the A. oryzae hydrolysate observed in this

study, pharmacokinetic studies of VPP and IPP should be carried

out. Moreover, a longer clinical study period is needed to observe

persistent effects of the A. oryzae hydrolysate on hypertensive

subjects.

The results of the haematology study showed that the concen-

tration of Naþ, albumin and haemoglobin A1C were significantly

lower in all groups 6 weeks after treatment. There is no clear

answer to explain these results, but these parameters did not

seem to affect blood pressure levels because these changes were

detected in all the groups. Other changes detected in some

parameters in Table 4 (Ca2þ, white blood cell count, mean

corpuscular haemoglobin and total protein), were not specific to

the test sample groups. The correlation of changed parameters

shown in Table 4 is therefore not clear.
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Table 3. Changes in systolic and diastolic blood pressure in the groups with mild hypertension and high-normal blood pressure

(Values are means with standard deviations)

Dosage of VPP

and IPP (mg)

Blood pressure at each week after the treatment (mmHg)
ANOVA

Subject n 22 SD 0 SD 1 SD 3 SD 6 SD analysis

Mild hypertension Systolic blood pressure

0·0 20 149·8 5·3 148·4 7·6 147·7 10·6 148·0 10·3 147·2 10·8

1·8 21 149·6 5·0 149·1 6·8 147·3 8·4 146·3 8·9 140·7 9·3**† P,0·1

2·5 21 148·8 4·5 148·2 7·2 147·1 9·4 143·8 8·7* 139·3 9·3**† P,0·05

3·6 21 149·1 5·4 148·0 6·3 147·7 8·3 141·9 9·0**† 135·0 10·9***†† P,0·001

Diastolic blood pressure

0·0 20 89·0 4·9 88·6 3·7 87·6 6·3 87·0 7·3 87·3 7·3

1·8 21 88·9 4·8 88·0 5·7 86·6 7·0 85·2 8·1* 84·7 8·3 NS

2·5 21 88·5 5·6 88·4 5·2 86·9 7·0 86·4 7·6 84·9 8·5 NS

3·6 21 88·6 5·0 88·1 6·2 86·8 6·7 85·0 8·8 83·9 8·8* NS

High-normal blood pressure Systolic blood pressure

0·0 12 133·2 2·5 132·8 3·4 132·6 4·4 132·3 6·4 133·1 5·5

1·8 12 134·8 2·2 134·3 3·4 132·5 6·4 132·1 8·2 132·8 9·5 NS

2·5 12 134·5 2·6 134·1 3·5 133·0 5·7 132·5 4·5 132·6 5·4 NS

3·6 12 134·2 2·8 133·9 6·7 133·6 5·3 133·3 7·3 131·1 5·8 NS

Diastolic blood pressure

0·0 12 81·6 2·2 80·2 2·7 80·1 3·6 80·8 6·0 79·2 4·3

1·8 12 81·9 4·9 80·8 5·6 81·2 6·4 81·7 5·7 79·9 4·8 NS

2·5 12 81·7 3·5 82·1 4·4 81·3 5·2 80·1 6·3 80·0 6·6 NS

3·6 12 81·6 4·6 81·2 4·7 81·9 5·0 81·1 5·7 79·8 6·0 NS

IPP, Ile-Pro-Pro; VPP, Val-Pro-Pro.

Mean values were significantly different from the start value: *P,0·05, **P,0·01, ***P,0·001.

Mean values were significantly different from the control group: †P,0·05, ††P,0·01.
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Table 4. Haematological and biochemical analysis

(Means and standard deviations)

Standard value Study group n Before treatment SD After treatment SD

Urea nitrogen (mg/dl) 7·0–23·0 Placebo 32 14·8 4·0 14·3 3·4

1·8 mg 33 14·1 2·9 13·4 2·6

2·5 mg 33 14·5 4·3 13·7 3·5

3·6 mg 33 14·6 3·2 13·5 3·3*

Creatinine (mg/dl) 0·6–1·5 Placebo 32 0·90 0·17 0·92 0·16

1·8 mg 33 0·90 0·16 0·89 0·16

2·5 mg 33 0·92 0·16 0·89 0·13*

3·6 mg 33 0·95 0·17 0·93 0·16

Uric acid (mg/dl) 2·0–7·5 Placebo 32 5·10 1·18 5·40 1·19**

1·8 mg 33 4·99 1·25 4·96 1·30

2·5 mg 33 5·24 1·29 5·16 1·13

3·6 mg 33 5·69 1·27 5·63 1·40

Naþ (mEq/l) 135–147 Placebo 32 141·4 1·3 139·9 1·2***

1·8 mg 33 141·3 1·5 140·0 1·3***

2·5 mg 33 141·4 1·8 140·2 1·5**

3·6 mg 33 141·3 1·5 140·1 1·6***

Kþ (mEq/l) 3·5–5·0 Placebo 32 4·32 0·33 4·35 0·28

1·8 mg 33 4·42 0·38 4·48 0·38

2·5 mg 33 4·39 0·43 4·56 0·40†

3·6 mg 33 4·48 0·45 4·42 0·35

Cl2 (mEq/l) 97–107 Placebo 32 101·6 1·7 101·9 1·9

1·8 mg 33 101·2 1·4 101·7 1·5

2·5 mg 33 101·3 1·7 102·1 1·6*

3·6 mg 33 100·8 1·7 101·9 1·8**

Ca2þ (mg/dl) 8·5–11·0 Placebo 32 9·30 0·36 9·29 0·34

1·8 mg 33 9·34 0·30 9·19 0·29*

2·5 mg 33 9·34 0·36 9·29 0·31

3·6 mg 33 9·42 0·32 9·25 0·25**

Mg2þ (mg/dl) 1·5–2·8 Placebo 32 2·32 0·12 2·31 0·14

1·8 mg 33 2·33 0·10 2·31 0·13

2·5 mg 33 2·31 0·17 2·31 0·18

3·6 mg 33 2·32 0·11 2·32 0·13

Glutamic-oxaloacetic transaminase (IU/l) 10–40 Placebo 32 20·1 5·1 19·.8 5·6

1·8 mg 33 20·2 6·5 20·0 5·2

2·5 mg 33 21·6 8·6 20·6 5·8

3·6 mg 33 21·9 6·6 21·3 5·6

Glutamic-pyruvic transaminase (IU/l) 5–45 Placebo 32 18·4 7·6 20·4 8·6**

1·8 mg 33 21·3 13·3 21·9 12·3

2·5 mg 33 19·9 14·6 20·7 13·2

3·6 mg 33 20·9 15·6 20·7 13·3

Alkaline phosphatase (IU/l) 100–325 Placebo 32 214·3 64·3 216·1 65·0

1·8 mg 33 198·5 52·2 195·5 51·7

2·5 mg 33 200·1 68·8 195·6 56·9

3·6 mg 33 208·1 48·3 202·9 47·8

g-GTP (IU/l) 80 . Placebo 32 38·4 54·3 40·0 63·9

1·8 mg 33 33·6 29·5 27·9 19·5*

2·5 mg 33 32·5 33·1 31·2 24·5

3·6 mg 33 33·7 32·2 32·2 30·4

Lactate dehydrogenase (IU/l) 120–240 Placebo 32 184·4 27·1 180·0 26·1

1·8 mg 33 186·2 28·0 181·8 34·1

2·5 mg 33 186·7 34·1 180·3 30·7

3·6 mg 33 194·6 31·4 189·9 29·2

Total bilirubin (mg/dl) 0·2–1·0 Placebo 32 0·91 0·24 0·89 0·27

1·8 mg 33 0·86 0·36 0·81 0·30

2·5 mg 33 0·89 0·25 0·88 0·24

3·6 mg 33 0·83 0·27 0·81 0·24

White blood cells ( £ 102/ml) Placebo 32 55·3 15·5 51·8 13·0

33–90 1·8 mg 33 57·2 12·5 52·1 13·0**

2·5 mg 33 56·1 13·3 51·6 10·8*

3·6 mg 33 54·6 11·0 50·9 13·2

Red blood cells ( £ 104/ml) 380–560 Placebo 32 465·8 31·5 466·5 34·6

1·8 mg 33 476·5 44·3 474·4 47·8

2·5 mg 33 465·9 45·8 462·3 42·4

3·6 mg 33 465·2 46·9 457·9 43·7*

Haemoglobin (g/dl) 12·0–17·5 Placebo 32 13·9 1·0 14·0 1·1

1·8 mg 33 14·1 1·5 14·2 1·7

2·5 mg 33 13·8 1·7 13·8 1·8

3·6 mg 33 14·0 1·4 13·8 1·3*
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Table 4. Continued

Standard value Study group n Before treatment SD After treatment SD

Haematocrit (%) 35·0–53·0 Placebo 32 41·7 2·8 41·8 2·9

1·8 mg 33 42·6 4·0 42·5 4·3

2·5 mg 33 41·6 4·6 41·4 4·5
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Mean corpuscular volume (fl) 85–100 Placebo 32 89·1 3·1 89·3 3·0*
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Mean corpuscular haemoglobin (pg) 28–34 Placebo 32 29·3 1·1 29·5 1·2**
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3·6 mg 33 29·7 1·8 29·8 1·8

Mean corpuscular haemoglobin concentration (%) 31–35 Placebo 32 32·8 0·9 32·9 0·8

1·8 mg 33 32·7 0·9 32·8 1·0

2·5 mg 33 32·6 0·9 32·8 1·0**

3·6 mg 33 32·7 0·8 32·9 0·8

Platelets (x104/ml) 13–35 Placebo 32 24·4 4·6 24·1 4·5

1·8 mg 33 25·4 5·1 24·9 4·9

2·5 mg 33 23·6 5·4 24·4 6·1*

3·6 mg 33 24·5 5·2 24·8 5·2

Total protein (g/dl) 6·5–8·5 Placebo 32 7·53 0·35 7·43 0·32*

1·8 mg 33 7·52 0·30 7·42 0·31*

2·5 mg 33 7·46 0·40 7·39 0·38

3·6 mg 33 7·46 0·30 7·31 0·32**

Albumin (g/dl) 3·8–5·4 Placebo 32 4·67 0·29 4·46 0·30***
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3·6 mg 33 1·67 0·22 1·55 0·21***

Blood sugar (mg/dl) 60–110 Placebo 32 89·9 10·0 89·7 10·7

1·.8 mg 33 89·0 9·0 89·8 7·5
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1·8 mg 33 64·4 16·7 64·7 17·9

2·5 mg 33 60·0 15·8 60·9 15·9

3·6 mg 33 61·5 14·5 60·7 14·5

Triacylglycerol (mg/dl) 40–150 Placebo 32 88·5 34·6 90·4 45·3

1·8 mg 33 102·6 69·0 89·7 54·9*

2·5 mg 33 99·3 38·5 99·1 68·5

3·6 mg 33 92·9 61·8 95·7 64·3

GTP, glutamyltranspeptidase.

Mean values were significantly different from the start value: *P,0·05, **P,0·01, ***P,0·001 (paired t test).

Mean values were significantly different from the placebo group: †P,0·05 (t test).·
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Objective: Two tripeptides (Val-Pro-Pro and Ile-Pro-Pro) that have inhibitory activities for angiotensin
I-converting enzyme are produced in milk fermented with Lactobacillus helveticus. In this study we evaluated
the effect and safety of powdered fermented milk with L. helveticus CM4 on subjects with high-normal blood
pressure or mild hypertension.

Methods: A randomized, placebo-controlled, double-blind study was conducted using 40 subjects with
high-normal blood pressure (HN group) and 40 subjects with mild hypertension (MH group). Each subject
ingested 6 test tablets (12 g) containing powdered fermented milk with L. helveticus CM4 daily for 4 weeks (test
group) or the same amount of placebo tablets for 4 weeks (placebo group).

Results: During treatment, the decrease in systolic blood pressure (SBP) and diastolic blood pressure (DBP)
in the test group tended to be greater than in the placebo group for both blood pressure groups. At the end of
treatment (week 4), a significant decrease in DBP in the HN group was observed (i.e. 5.0 mm Hg (0.1, 9.9; p �

0.04) compared with the placebo group). There was no significant change in SBP (3.2 mm Hg (95% CI �2.6,
8.9; p � 0.27). In the MH group, SBP decreased by 11.2 mm Hg (4.0, 18.4; p � 0.003) and there was a
statistically non-significant decrease in DBP of 6.5 mm Hg (�0.1, 13.0; p � 0.055) compared with the placebo
group. No marked changes were observed in other indexes, including pulse rate, body weight and blood serum
variables, and no adverse effects attributed to the treatment was found in each group.

Conclusions: Daily ingestion of the tablets containing powdered fermented milk with L. helveticus CM4 in
subjects with high-normal blood pressure or mild hypertension reduces elevated blood pressure without any
adverse effects.

INTRODUCTION

Hypertension is a known risk factor for cardiovascular
diseases, including heart disease and stroke, and the risk of
these diseases can be lowered by the treatment of hypertension
[1]. Lifestyle modifications such as weight reduction, moder-
ation of alcohol consumption, reduction in salt intake, increase
in physical activity, cessation of smoking and healthy eating

patterns are recommended for treatment of mild hypertension
without risk factors for cardiovascular diseases [2]. Further-
more, approaches like these can contribute to the primary
prevention of hypertension [3]. With respect to the dietary
approach, large-scale clinical trials have been carried out on
subjects with mild hypertension, high-normal and normal blood
pressure to determine the relationship between lifestyle modi-
fication and antihypertensive effects [4,5].
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Functional foods with antihypertensive effects could be
used as a non-pharmacological method in a dietary approach to
reduce the risk of hypertension. Food containing angiotensin
converting enzyme (ACE) inhibitory peptides is one example
of a dietary approach with an expected antihypertensive effect
[6]. ACE, the key enzyme in the renin-angiotensin system
which plays an important role in regulating blood pressure,
generates vasopressor peptide angiotensin II from angiotensin
I, and inactivates vasodilator peptide bradykinin. At present,
ACE inhibitors (drugs that inhibit ACE) are widely used in the
treatment of hypertension and heart failure. Nakamura et al.
showed that two tripeptides (Val-Pro-Pro, VPP and Ile-Pro-Pro,
IPP) with an inhibitory effect on ACE were produced in milk
fermented by the lactic acid bacterium, Lactobacillus helveticus
[7]. They also showed that L. helveticus-fermented milk had an
antihypertensive effect after oral administration to spontane-
ously hypertensive rats (SHR) [8,9]. VPP and IPP are associ-
ated with the antihypertensive effect of L. helveticus-fermented
milk [10]. The efficacy of L. helveticus-fermented milk, con-
taining VPP and IPP, have been reported in the trial by Hata et
al. [11] in which hypertensive patients with antihypertensive
medication ingested a fermented milk drink on a daily basis for
8 weeks. It is thought to be more effective to consume the
fermented milk as part of the diet during the early stages of a
therapeutic plan for hypertension, or for prevention of the
incidence of hypertension. To confirm this hypothesis, we have
previously studied the efficacy and safety of powdered L.
helveticus fermented milk in different blood pressure categories
[12,13]. Kajimoto et al. [12] reported that SBP and DBP
decreased significantly, by 12 mm Hg and 10 mm Hg, respec-
tively, after 8 weeks daily ingestion of 2 tablets of powdered L.
helveticus fermented milk in subjects with mild to moderate
hypertension without antihypertensive medicine. In contrast, in
normotensive subjects, no significant changes in blood pressure
were observed after daily ingestion of 6 tablets of powdered L.
helveticus fermented milk [13]. The present study evaluates the
efficacy and safety of powdered L. helveticus fermented milk
tablets on subjects with mild hypertension and high-normal
blood pressure, using a placebo-controlled, double-blind, par-
allel group comparative design.

MATERIALS AND METHODS

Supplementary Tablets

The test tablet and the placebo tablet were produced by
Calpis Co., Ltd (Tokyo, Japan) using the following procedures:
reconstituted skimmed milk (9%, w/w) was prepared from
powdered skimmed milk, then pasteurized and fermented with
L. helveticus CM4 at 37°C for 22 hours. Casein was removed
by centrifugation and lactic acid was eliminated from the
supernatant by electrodialysis. Residual supernatant was con-
verted to fermented milk whey powder using maltodextrin as a

bulking agent and then spray dried. The fermented milk whey
powder was mixed with sorbitol, cornstarch, cellulose, citric
acid, sucrose fatty acid ester, aspartame and flavors, and then
compressed to obtain tablets 2 cm in diameter and 2 g in
weight. The placebo control contained a mixture of lactose,
maltodextrin, calcium caseinate, citric acid, milk calcium, mag-
nesium sulfate, and skimmed milk, and had the same nutritional
content as the fermented milk whey powder. The placebo tablet
was prepared by mixing the placebo powder, sorbitol, corn-
starch, cellulose, citric acid, sucrose fatty acid ester, aspartame
and flavors as described above for the test tablet. The nutri-
tional content of the test and the placebo tablet are shown in
Table 1. The amount of VPP and IPP peptides in the supple-
mentary tablet was determined as follows: the tablet (2 g per
tablet) was crushed to powder, and was accurately weighed out
into a 25 ml volumetric flask. The powder was dissolved in
0.28% (w/v) trifluoroacetic acid (TFA) and the solution made
up to 25 ml. The solution was centrifuged at 15,000 rpm for 10
minutes, and the supernatant was collected. 0.3 ml of the
supernatant fraction was applied to a Sep-pak Plus tC18 col-
umn (Waters, Milford, MA) and washed with 7 ml of distilled
water. The adsorbed substances on the Sep-pak Plus tC18
column were eluted with 2.5 ml of 30% (w/v) methanol,
concentrated and dried with a centrifugal concentrator. The
dried fraction was dissolved in 0.5% (w/v) TFA solution con-
taining 0.3 M NaCl, and subjected to HPLC analysis using a gel
filtration column (Shodex Asahipak GS-320 7G; Showa
Denko, Tokyo, Japan) at a flow rate of 0.5 ml/min. The trip-
eptides were monitored at 215 nm and quantified using chem-
ically synthesized peptides as standards.

Table 1. Daily Intake from Placebo Test Tablet1

Placebo
(6 placebo tablets)

Test group
(6 test tablets)

Calories (kcal) 44 44
Moisture (g) 0.5 0.4
Protein (g) 0.6 0.6
Fat (g) 0.3 0.2
Carbohydrate (g) 10.2 10.4
Fiber (g) 0.3 0.3
Ash (g) 0.1 0.1
Sodium (mg) 1.8 1.4
Potassium (mg) 3.2 2.4
Calcium (mg) 31.2 27.6
Magnesium (mg) 7.9 7.1
Phosphorus (mg) 16.8 13.2
Iron (mg) 0.0 0.0
Val-Pro-Pro (VPP) peptide2 (mg) ND 8.3
Ile-Pro-Pro (IPP) peptide2 (mg) ND 4.7
1 Composition per 6 tablets.
2 Content of the angiotensin I-converting enzyme (ACE) inhibitory peptides VPP

and IPP were determined by the method described in the text.

ND � not detectable.
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Subjects

Subjects were recruited from a pool of volunteers from the
Institute of General Medical Science, and from adult men and
women who had undergone a medical examination for this
study at the Soiken Clinic, affiliated with the Institute of
General Medical Science, for 3 months before the trial began.
Criteria for selection were: those who had blood pressure
categorized in the high-normal (systolic blood pressure, SBP,
130–139 mm Hg and diastolic blood pressure, DBP, 85–89
mm Hg), and those who had blood pressure categorized to mild
hypertension (SBP, 140–159 mm Hg and DBP, 90–99 mm Hg)
at low risk according to the definition of the World Health
Organization/International Society of Hypertension (WHO/
ISH) Hypertension Guidelines from 1999 [2]. Exclusion crite-
ria included those: with allergy to milk proteins; taking medi-
cation that might influence blood pressure; with lactose
intolerant symptoms; considered unsuitable by a medical doc-
tor in charge of the study. Ninety-five subjects who fulfilled the
eligibility criteria for the study agreed to participate. However,
15 subjects were excluded before the randomization: 6 subjects
whose blood pressure levels were outside the categories shown
above prior to the experimental period, and 9 subjects whose
blood pressure levels showed a marked change in the measure-
ments at two and one day before treatment (i.e. blood pressure
levels outside the criteria for selection). Thus, a total of 80
subjects consisting of 40 with high-normal blood pressure (HN
group) and 40 with mild hypertension (MH group) were en-
rolled and randomized. All 80 subjects were enrolled into the
study before random allocation. They completed the study and
were followed up during the study period. They all had the
intended blood pressure measurements and all 80 subjects were
included in the statistical analysis. The allocation of test or
placebo group was concealed from the investigator who en-
rolled the subjects. Furthermore, the nurses and the medical
doctor in charge were blind to the treatment assignments.

This study was approved by the Institutional Review Board

of the Institute of General Medical Science according to an
ethic principle and experimental plan based on the Helsinki
Declaration. Prior to the trial, a full explanation concerning the
purpose of the study and its methodology was given to the
subjects by the medical doctor. The 95 subjects who agreed to
participate in the study gave fully informed consent.

Trial Design

This study was a randomized, double-blind, placebo-con-
trolled design, and the experimental periods were divided into:
1 week of observation before treatment, 4 weeks of treatment,
and 1 week of observation after treatment. The 40 subjects in
the HN or MH group were randomly and blindly assigned into
two groups of 20. An independent, blinded investigator con-
ducted the randomization and checked there were no differ-
ences in the age, gender and SBP/DBP values between the two
groups. The characteristics of the subjects are shown in Table
2. Baseline values were measured at one day before treatment.
There were no significant differences between the test and
placebo groups in gender, age, BMI, blood pressure or pulse
rate (p � 0.2). One group (n � 20) was given the test tablets
(test group), and the other group (n � 20) was given the
placebo tablets (placebo group). The subjects were instructed to
ingest 6 tablets (12 g total) every morning by chewing. They
were also instructed to check their health condition, and in-
structed not to change their dietary and exercise habits.

Measurements

Blood pressure, pulse rate, body weight, height, blood test,
urinalysis, and other medical examinations/inquiries of a sub-
ject about his/her condition were all carried out at the Soiken
Clinic. Subjects were required to fast before he/she visited the
Institute on the test dates, except for 5 days (day 1 and week 1,
2, 3, 4) when he/she was allowed to take a supplementary tablet

Table 2. Baseline Characteristics of Subjects

High-normal blood pressure (HN) Mild hypertension (MH)

Placebo group
(n � 20)

Test group
(n � 20)

Placebo group
(n � 20)

Test group
(n � 20)

Male 13 13 16 16
Female 7 7 4 4
Age1 (years) 52.8 � 10.9 49.9 � 12.4 51.5 � 11.8 51.9 � 10.3
Body weight1 (kg) 64.1 � 12.4 64.8 � 12.9 60.5 � 7.7 58.7 � 12.2
Height1 (cm) 161.9 � 7.8 163.7 � 8.1 166.4 � 5.5 164.5 � 8.9
Body mass index (BMI)1 (kg/m2) 24.3 � 3.6 24.0 � 3.0 25.1 � 3.5 24.9 � 2.8
Systolic blood pressure (SBP)1,2 (mm Hg) 136.8 � 6.1 137.4 � 5.1 146.6 � 8.7 148.8 � 7.2
Diastolic blood pressure (DBP)1,2 (mm Hg) 84.8 � 11.0 85.1 � 4.9 92.1 � 8.7 92.6 � 11.9
Pulse rate1,2 (beats/min) 71.2 � 8.0 71.9 � 6.7 73.4 � 7.3 73.4 � 6.3

There were no significant differences between the test and placebo groups (p � 0.2; Student’s t test).
1 Data are expressed as means � SD.
2 Baseline values were measurements taken 1 day before treatment (Day �1).
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2 to 3 hours before arrival. All measurements were carried out
under the doctor’s supervision.

Blood pressure and pulse rate were measured before treat-
ment at day 7, 3, 2 and 1, and after treatment commenced at day
1 and week 1, 2, 3, 4 and 5 (10 times in total). Blood pressure
was measured using a mercury sphygmomanometer and was
carried out by the same registered nurse for every subject. The
subjects were instructed to visit the clinic in a fasted condition
between 8:30 and 11:30 a.m.; after relaxing for over 20 minutes
at the clinic, blood pressure was measured three times (each
time by a different trained registered nurse) in the sitting
position on the left upper arm at one minute intervals, clothed
but without shoes. The median systolic blood pressure value
was counted as the blood pressure of the day. In addition, the
pulse rate was measured using the UDEX-SUPER automatic
sphygmomanometer (UEDA Avancer Corporation, Chiba, Ja-
pan).

Weight was measured 1 day before treatment and at week 4
and 5 after treatment started. Subjects wore a shirt/blouse and
trousers/skirt but no jewelry. The same subject was guided to
measure body weight wearing the same dress. Height was
measured 1 day before treatment only, and body mass index
(BMI) was calculated based on this measurement.

Blood samples were taken from each subject 1 day before
treatment and at week 4 and 5 after treatment started. Subjects
were told to fast overnight prior to measurement days. Blood
examination was carried out at Sakai Biochemistry Research
Lab Co., Ltd (Osaka, Japan). Biochemical markers measured
were as follows: white blood cell, red blood cell, hemoglobin,
hematocrit, platelet, glucose, glutamic oxaloacetic transami-
nase, glutamic pyruvic transaminase, �-glutamyltranspepti-
dase, lactate dehydrogenase, total protein, triacylglycerol, total
cholesterol, HDL cholesterol, blood urea nitrogen, uric acid,
creatine, sodium, potassium, chloride, calcium and plasma re-
nin activity. The urinalysis was carried out using appropriate
test paper at the clinic.

A doctor carried out medical examinations and inquiries 1
day before treatment, and day 1 and week 1, 2, 3, 4 and 5 after
treatment started (7 times in total). The subjects were asked
about and examined for adverse effects such as dry cough,
exanthema, skin itching, dysgeusia, headache, dizziness/drift,
and abdominal symptoms such as inappetence, diarrhea, con-
stipation, flatulence and abdominal discomfort. The subject
recorded the presence of any of these symptoms during the
trial.

Statistical Analysis

On the basis of information from a previous study [12], a
sample size of 20 mild hypertensive subjects per group was
deemed sufficient to give 80% power to detect a 9 mm Hg
difference between the test and placebo group at � � 0.05,
from baseline SBP. This assumed a standard deviation (SD) of
10 mm Hg for the change from baseline SBP.

All measured values are expressed as mean � SD unless
otherwise noted. Statistical analyses were carried out using
“SPSS Advanced model” (SPSS Inc., Chicago, IL). The student
t test was used to compare the test and placebo groups and
Dunnett’s test was used for multiple comparisons between
baseline and treatment period in SBP, DBP and pulse rate.
Changes from baseline values in blood tests and BMI values
were evaluated using a paired t-test. Two-way analysis of
variance (ANOVA) for repeated measures was used in the
assessment of treatment results of SBP, DBP and pulse rate
values. A p � 0.05 with two-tail test was considered as statis-
tically significant.

RESULTS

Blood Pressure and Pulse Rate

Changes in blood pressure are shown in Fig. 1 and Fig. 2.
During the pre-treatment observation period, no significant

Fig. 1. Change in systolic blood pressure (SBP) and diastolic blood
pressure (DBP) from baseline in subjects with high-normal blood
pressure during the 4 wk intake and 1 wk follow-up period in the test
group (■ ; n � 20) and placebo group (�; n � 20). The subjects
ingested 6 test tablets containing powdered fermented milk with Lac-
tobacillus helveticus or 6 placebo tablets, daily for 4 weeks. After
treatment started, SBP and DBP were measured at day 1 and week 1,
2, 3, 4 and 5. Data are expressed as mean � SEM. Mean values were
significantly different from baseline values (Dunnett’s test): *p � 0.05,
**p � 0.01, and also significantly different between two treatments
(Student’s t test): #p � 0.05.
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changes in SBP, DBP and pulse rate were observed for both the
test and placebo groups in either the high-normal blood pres-
sure (HN) group or mild hypertension (MH) group. However,
SBP and DBP in the test group tended to decrease more than
that in the placebo group during treatment in both groups.

In the HN group, SBP and DBP in the test group changed
from 137.4 � 5.1/85.1 � 4.9 mm Hg (baseline; SBP/DBP) to
132.7 � 6.2/79.9 � 4.8 mm Hg at week 1, 132.4 � 4.8/79.9 �

4.3 mm Hg at week 2, 132.7 � 5.6/80.9 � 6.2 mm Hg at week
3, and 132.9 � 7.0/79.5 � 6.8 mm Hg at week 4. At the end of
treatment (week 4), the change in SBP in the test group was 3.2
mm Hg (95% CI �2.6, 8.9; p � 0.27) lower than that in the
placebo group, whereas DBP decreased more in the test group
than in the placebo group during treatment, by: 5.7 mm Hg
(0.6, 10.7; p � 0.029), 5.3 mm Hg (0.0, 10.5; p � 0.049), 5.6
mm Hg (0.4, 10.8; p � 0.037) and 5.0 mm Hg (0.1, 9.9; p �

0.045) at weeks 1, 2, 3 and 4, respectively (Fig. 1). According
to two-way ANOVA, a significant main effect of supplemen-
tary tablets for SBP and DBP values was found (p � 0.006 and
0.045, respectively).

In the MH group, SBP and DBP in the test group changed
from 148.8 � 7.2/92.6 � 11.9 mm Hg (baseline; SBP/DBP) to

141.6 � 7.3/88.6 � 12.3 at week 1, 141.4 � 7.9/86.1 � 14.4
mm Hg at week 2, 138.5 � 10.2/86.8 � 15.7 mm Hg at week
3, and 138.6 � 10.1/85.6 � 16.5 mm Hg at week 4. SBP
showed a greater decrease in the test group than in the placebo
group during treatment (at weeks 1, 2, 3 and 4), by: 7.8 mm Hg
(95% CI 0.8, 14.8; p � 0.03), 10.5 mm Hg (3.0, 18.0; p �

0.007), 10.6 mm Hg (3.6, 17.6; p � 0.004) and 11.2 mm Hg
(4.0, 18.4; p � 0.003), respectively (Fig. 2). DBP decreased by
7.1 mm Hg (95% CI 0.4, 13.7; p � 0.039) more in the test
group than in the placebo group at week 3, and tended to
decrease by 6.5 mm Hg (�0.1, 13.0; p � 0.055) more in the
test group than in the placebo group at the end of treatment
(week 4) (Fig. 2). According to two-way ANOVA, an interac-
tion between supplementary tablets and treatment period for
SBP values was significant (p � 0.008). For DBP values a
significant main effect of supplementary tablets was not found.

Pulse rate did not change significantly during the experi-
mental period in the test or placebo groups, and no significant
difference between groups was observed. In the HN group,
pulse rate (beats/min) at baseline were 71.9 � 6.7/71.2 � 8.0
(test group/placebo group), and 72.5 � 5.5/69.9 � 6.4 at the
end of treatment (week 4). In the MH group, pulse rate at
baseline were 73.4 � 6.3/73.4 � 7.3, and 72.7 � 5.8/73.9 �

6.1 at the end of treatment (week 4).

BMI, Blood Test Values and Urinalysis

BMI did not change significantly in the test and placebo
groups of the HN group. BMI in test and placebo groups were
24.1 � 3.2 and 24.3 � 3.8, respectively, at week 0, and 24.0 �

2.9 and 24.3 � 3.6, respectively, at week 4. In both groups
within the MH group, BMI was 24.9 � 2.8 and 25.1 � 3.5 at
week 0, and 25.1 � 2.8 and 25.1 � 3.4 at week 4.

Changes in blood test values after treatment were as fol-
lows: in the HN group, the increase from baseline was statis-
tically significant in triacylglycerol, creatinine, and sodium in
the test group, and creatinine in the placebo group. The de-
crease from baseline was statistically significant in hemoglo-
bin, HDL-cholesterol, potassium, chloride, and plasma renin
activity in the test group, and red blood cell, hemoglobin,
hematocrit and chloride in the placebo group. In the MH group,
the increase from baseline was statistically significant in cre-
atinine in the test and placebo group. The decrease from base-
line was statistically significant in red blood cell, hemoglobin,
hematocrit and chloride in the test group, and chloride in the
placebo group. All these changes were, however, within normal
range, and even the result of each subject showed no change
that might develop to an abnormal range (data not shown).
There were no statistically significant changes in any of the
other biochemical markers, and no significant difference be-
tween the test group and the placebo group was observed.

There were no abnormal changes observed for uric glucose,
uric protein, uric urobilinogen between the pre-intake and the
post-intake periods for the test and placebo group. Two subjects

Fig. 2. Change in systolic blood pressure (SBP) and diastolic blood
pressure (DBP) from baseline in subjects with mild hypertension dur-
ing the 4 wk intake and 1 wk follow-up period in the test group (■ ; n �

20) and placebo group (�; n � 20). The subjects ingested 6 test tablets
containing powdered fermented milk with Lactobacillus helveticus or 6
placebo tablets, daily for 4 weeks. After treatment started, SBP and
DBP were measured at day 1 and week 1, 2, 3, 4 and 5. Data are
expressed as mean � SEM. Mean values were significantly different
from baseline values (Dunnett’s test): *p � 0.05, ***p � 0.001, and
also significantly different between two treatments (Student’s t test):
#p � 0.05, ##p � 0.01.
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in the HN group were positive for uric protein and one subject
in the MH group was positive for uric glucose at the pre-intake
period, but no abnormal changes were observed between the
intake and no-intake periods.

Medical Examinations and Inquiries

During the study, adverse effects such as dry cough, exan-
thema, skin itching, dysgeusia, headache and dizziness/drift
were not observed. In addition, abdominal symptoms such as
inappetence, diarrhea, constipation, flatulence or abdominal
discomfort were not observed in the test group. Although
transient diarrhea (four subjects in the placebo group and two
subjects in the test group) and constipation (two subjects in the
placebo group and one subject in the test group) were observed,
the doctor judged that the symptoms were not caused by intake
of supplementary tablets. The symptoms were equally distrib-
uted between test and placebo group.

DISCUSSION

We observed a decrease in elevated blood pressure without
any adverse effects in subjects with high-normal blood pressure
or mild hypertension without antihypertensive medication after
ingestion of tablets containing powdered L. helveticus fer-
mented milk during a 4 week period. Regarding the report
associating cardiovascular complication with high-normal, nor-
mal and optimal blood pressures [14] and the report concerned
with the development from normotension to hypertension [15],
it may be important to investigate dietary therapy as the pri-
mary prevention of hypertension for high-normal blood pres-
sure subjects with a high risk for incidence of hypertension. In
the Dietary Approaches to Stop Hypertension (DASH) trial [4],
which examined the effects of dietary therapy, the blood pres-
sure of nonhypertensive subjects was significantly decreased
by ingesting foods rich in fruit, vegetables, and low-fat dairy
products with reduced saturated and total fat, compared with a
control. A significant decrease in blood pressure has also been
shown in subjects with high-normal blood pressure by reducing
body weight and restricting salt intake over the long term [5].
Other reports did not show that daily intake of particular food
components might cause a significant decrease in blood pres-
sure in subjects with high-normal blood pressure. The results of
the present study suggest that ingestion of tablets containing
powdered L. helveticus fermented milk might lead to a decrease
in blood pressure in subjects with high-normal blood pressure
to the normal range, and furthermore, prevention of the inci-
dence of hypertension.

We studied the efficacy and safety of powdered L. helveti-
cus fermented milk in normotensive and hypertensive subjects.
In normotensive subjects (mean blood pressure: 114/68 mm
Hg), 6 tablets containing powdered L. helveticus fermented
milk did not affect blood pressure [13]. The net changes of SBP

and DBP were 0/2 mm Hg at 2 weeks after the daily intake of
6 tablets [13]. In the present study, we observed a mild decrease
in SBP and DBP in subjects with high-normal blood pressure
(137/85 mm Hg) after daily intake of 6 tablets. The net reduc-
tion of SBP and DBP was 5/5 mm Hg at 2 weeks (p � 0.11 and
p � 0.049, respectively) and 3/5 mm Hg at 4 weeks (p � 0.27
and p � 0.045, respectively). In subjects with mild hyperten-
sion (148/92 mm Hg), the net reduction of SBP and DBP was
11/6 mm Hg at 2 weeks (p � 0.007 and p � 0.1, respectively)
and 11/6 mm Hg at 4 weeks (p � 0.003 and p � 0.055,
respectively). In subjects with mild to moderate hypertension
(150/93 mm Hg), a significant decrease in blood pressure was
observed after daily intake of 2 tablets [12]. The net reduction
was 8/7 mm Hg and 9/6 mm Hg at 2 and 4 weeks, respectively,
after daily intake of 2 tablets [12]. Although the doses in the
present trial were higher than those used in the previous study
[12], we did not observe an abrupt or excessive decrease in
blood pressure. These results suggest that the magnitude of
decrease in blood pressure after ingestion of tablets containing
powdered L. helveticus fermented milk may be affected by the
hypertensive status (i.e. greater effect in hypertensives than
nonhypertensives). In the DASH trial, the net reduction in
blood pressure (SBP/DBP) of hypertensive and nonhyperten-
sive subgroups were 11.4/5.5 mm Hg and 3.5/2.1 mm Hg,
respectively, which supports the result in the present study.

VPP and IPP peptides contained in the test tablet have ACE
inhibitory activity. It has been reported that ingestion of these
tripeptides in SHR caused an antihypertensive effect equivalent
to the fermented milk that had corresponding ACE inhibitory
activity of the tripeptides [8]. In addition, after administration
of the fermented milk to SHR, ACE activity in extracts from
arterial endothelium tissues of the SHR rat was significantly
decreased, and both tripeptides were detected in these tissues
[10]. From these results, the antihypertensive effect of the
fermented milk may result from these two ACE inhibitory
peptides, and these peptides may contribute to the blood pres-
sure lowing effect in the present study and the clinical studies
previously reported [11,12,16–20]. The test tablet may have
contained components other than VPP and IPP that might have
a blood pressure lowering effect: the test tablet contained
calcium, magnesium and potassium derived from skimmed
milk. An inverse relationship between these minerals and blood
pressure has been reported [21–23]. However, in the present
study, the placebo tablet did not exhibit antihypertensive effects
even though the daily intake of potassium and calcium from the
placebo tablet was 0.6 mg and 3.6 mg higher, respectively, than
that from the test tablet, which indicates that potassium and
calcium were not involved in the observed antihypertensive
effect. It has been suggested that cell wall fragments from lactic
acid bacteria may cause an antihypertensive effect [24]. How-
ever, the cell debris fraction was removed by centrifugation
during the preparation of the test tablet in the present study.

Regarding the baseline characteristics of the subjects, no
significant differences were observed between test and placebo
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groups (Table 2). However, the mean age of subjects in the test
group of the high-normal blood pressure (HN) group was
approximately three years younger than those in the placebo
group. Also, there was a 2 cm difference in the mean height
between the test and placebo groups. The possible effects of the
difference in the age and height at baseline on the change in
blood pressure were analyzed using regression analysis. The
change in blood pressure was not significantly related to these
factors, which suggests that these differences did not influence
the results.

Some of the blood test values were significantly different
within the test or the placebo group during the 4 week period.
However, the changes in the blood test values were in the same
direction in both groups and no significant difference between
the test and the placebo groups was observed. Therefore, the
changes were probably not attributable to the study, but to the
seasonal variation that has been reported for several hemato-
logical and serum biochemical variables [25–27]. Although the
treatment period of the present study was relatively short (4
weeks) the study was conducted from February to March: the
transition from winter to spring in Japan.

In the HN group, the magnitude of the reduction in SBP and
DBP was very similar for both the treatment group (SBP and
DBP reductions: 5 mm Hg from the baseline) and the control
group (approximately 2 mm Hg for SBP and DBP) (Fig. 1).
SBP reduction is usually greater than DBP, as shown in our
previous studies [11,12,16–19]. A possible explanation is the
relatively short treatment period. In the DASH trial, the net
reduction of SBP was smaller than DBP at 1 week of treatment
[4]. If the treatment period in the present study had been longer,
the reduction in SBP may have been greater than the reduction
in DBP. Some studies on the blood pressure lowering effect of
calcium supplementation have shown larger DBP reductions
compared with SBP [28–30]. Calcium supplementation is
thought to be effective in those with low serum calcium and
high parathyroid hormone levels, caused by high sodium intake
and subsequent volume expansion in sodium sensitive, low
renin hypertensives [31]. Although parathyroid hormone levels
and high sodium intake were not taken into account in the
present study, a greater DBP reduction, rather than SBP, could
be attributed to a similar mechanism.

On the first day of treatment (day 1), in the HN group, the
net reduction in SBP and DBP was 2.4 mm Hg (95% CI �3.4,
8.2; p � 0.41) and 2.3 mm Hg (�3.2, 7.8; p � 0.40), respec-
tively (Fig. 1), and in the MH group, 2.2 mm Hg (�4.6, 8.9;
p � 0.52) and 1.7 mm Hg (�4.0, 7.4; p � 0.55), respectively
(Fig. 2). Although the reduction was not statistically significant
and may be a placebo effect, the mean reduction in the test
group was slightly larger than that in the placebo group. After
single oral administration of fermented milk containing VPP
and IPP peptides or VPP or IPP peptide administration to SHR,
blood pressure gradually decreased 2 hours after administration
and continued to be depressed for approximately 8 hours; 24
hours later, blood pressure levels had returned to their initial

levels [8]. Since we did not study the effect of single oral
administration in humans, we measured blood pressure at day
1 to confirm no acute effect on blood pressure. Our previous
studies suggest that daily ingestion of the fermented milk
product generates mild antihypertensive effects [11,12,16–19].
In addition, the significant interaction between supplementary
tablets and treatment period for SBP values in the MH group
supports this view. In the present study the dose of VPP and
IPP peptides in the test product were approximately 0.13–0.14
mg VPP and 0.073–0.080 mg IPP/kg body weight. This dose
seems insufficient for a blood pressure lowering effect in SHR
by single oral administration [8]. However, taking the esti-
mated body surface area into consideration, we suggest the
dose may be sufficient for a blood pressure lowering effect in
SHR [11]: a single dose of the test product may also lead to a
blood pressure lowering effect in those with slightly higher
blood pressure. The mean reduction in the HN test group
continues with almost the same magnitude during the treatment
period (Fig. 1). This may be because, during the treatment
period, the blood pressure reduction in this group was relatively
small.

It is known that treatment with ACE inhibitors increases the
plasma renin activity [32]: this was not observed after ingestion
of the supplementary tablet in the present study. However,
chronic administration of ACE inhibitor in humans is not
always accompanied by a change in plasma renin activity [33].
It is also reported that after administration of sour milk con-
taining VPP and IPP to SHR, plasma ACE activity does not
change but arterial tissue ACE activity is significantly reduced
[10]: the same phenomenon may have occurred in the present
study. Further studies are required to determine the precise
mechanism of the observed antihypertensive effect mediated by
VPP and IPP peptides.

Since the amount of VPP and IPP peptides in the supple-
mentary tablet ingested in this study were relatively low, and
their ACE inhibitory activities mild in comparison to ACE-
inhibitor drugs, the tablets are considered safe with respect to
adverse effects associated with ACE inhibitors. Dry cough is
the most common adverse effect of ACE inhibitors [34,35], and
is one of the causes for the decrease of Quality of Life or
termination of administration. The occurrence of a dry cough
associated with ACE inhibitors is thought to involve the accu-
mulation of substances such as bradykinin and substance P
[36]. Bradykinin promotes the production of prostaglandins and
leucotrienes as well as the release of histamine, and these
substances are thought to irritate the C fiber receptors of the
bronchial tubes, resulting in a cough [36]. Since the dry cough
observed with ACE inhibitors dissipates rapidly following dis-
continuation of administration or reduction in the dose level,
regulating the drug concentration in the body is considered to
be important in dealing with the cough. Coughs caused by ACE
inhibitors usually occur within one month after the initiation of
administration [35]. However, Hata et al. [11] and Seppo et al.
[20] allowed hypertensive subjects to intake the fermented milk
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containing VPP and IPP for 8 weeks and 21 weeks, respec-
tively, and reported that adverse effects were not observed. Our
results are entirely consistent with these observations. In addi-
tion, since VPP and IPP have been reported to exhibit antihy-
pertensive effects by inhibiting arterial tissue ACE in animal
studies [10], no incidence of dry cough can be attributed to the
tissue-specific action. Further studies are necessary to clarify
these hypotheses.

CONCLUSION

Administration of supplementary tablets containing pow-
dered L. helveticus-fermented milk to subjects with high-nor-
mal blood pressure or mild hypertension resulted in a signifi-
cant decrease in blood pressure without any adverse effects.
This result suggests that foods containing powdered L. helveti-
cus-fermented milk could be used in dietary approaches to the
primary prevention of hypertension.
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34± 5/7 9 ±5  m m H g, plac eb o gro up;  m a le/fem ale = 1 7 / 3 6 , m e an 38± 9 y ears  of a g e, 

S B P / D B P = 1 3 5 ± 5 / 7 8 ± 5  m m H g ) .   T h e  t e s t  g r o u p  i n g e s t e d  1 5 0 g  l i q u i d  y o g u r t  c o n t a i n i n g  “ l a c t o t r i p e p t i d e ”  

i n  b o t h  t h e  m o r n i n g  a n d  e v e n i n g  f o r  1 2  w e e k s .   T h e  p l a c e b o  g r o u p  i n g e s t e d  t h e  s a m e  a m o u n t  o f  p l a c e b o  

drink.  The decrease in SB P and DBP was signifi cantl y g r e a t e r  i n  t h e  t e s t  g r o u p  t h a n  t h a t  i n  t h e  p l a c e b o  

g r o u p .   In  t h e t e st g r ou p, SBP si gn i f i c an tl y d ecreased by 5 . 5 ± 7.1  mmHg  ( p<0.05) and 6.1±5.7 mmHg 
(p<0.01), at week 6 and 12 of intake, respectively.  DBP also decreased significantly by 3.6±5.6 
mmHg(p<0.05) and 3.8±6.3 mmHg (p<0.01), at week 6 and 12 of intake, respectively, compared to 
measurements before intake of liquid yogurt.  Adverse effects such as dry cough or digestive tract 
symptoms caused by test drinks were not observed.  In addition, no adverse reactions were observed by 
blood and uric analysis.  These results suggest that liquid yogurt drink containing “lactotripeptides” is 
useful for subjects with high-normal blood pressure to suitably reduce their blood pressure without causing 
adverse events. 
 
Key words: lactotripeptide, yogurt, high-normal blood pressure, sour milk, antihypertensive effects 
 
 
 
 
1. Introduction 

 
 Hypertension is considered to be a risk 
factor of the incidence of stroke and coronary heart 
diesease1)2).  The number of elderly people is 
rapidly increasing in Japan.  Also the number of 
hypertensive people is rising progressively with 
age and over half people is hypertension in people 
older than 65 years3).  Therefore, it is important to 
prevent hypertension at the early stage in addition 
to the treatment of hypertension.  In the 
guidelines of WHO/ISH (1999) 4) and Japanese 
Society of Hypertension (2000) 5), normal blood 
pressure is defined as systolic blood pressure 
(SBP) of < 130 mmHg and diastolic blood pressure 
(DBP) of < 85 mmHg, and high normal blood 
pressure is defined as SBP of 130 to 139 mmHg 
and DBP of 85 to 89 mmHg.  Monitoring of their 
blood pressure and lifestyle modification are 

recommended for people with high-normal blood 
pressure in  these guidel ines .   Li fes tyle 
modification includes dietary sodium reduction, 
weight control, moderation of alcohol consumption, 
non-smoking, and so on 5).  In recent years, the 
utilization of functional foods having an 
antihypertensive effect has attracted attention as a 
new means of achieving the above objectives. 

Milk fermented by Lactobacillus helveticus 
( L .  h e l v e t i c u s )  i s  k n o w n  t o  h a v e  a n 
antihypertensive effect 6)7)8)  Key components for 
this action were reported to be two tripeptides 
(Val-Pro-Pro [VPP] and Ile-Pro-Pro [IPP]) that 
have angiotensin I-converting enzyme (ACE) 
inhibitory activity 9) .  ACE activity of the 
abdominal aorta of spontaneously hypertensive rats 
(SHR) was elevated ten-fold compared to that of 
Wistar Kyoto rats having normal blood pressure 11).  
In SHR administered sour milk there was a 
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significant and specific decrease in abdominal 
aorta ACE activity10)11).  Moreover, since both 
VPP and IPP were detected from the extract of 
aorta11), these two tripeptides are thought to be 
involved in the tissue renin-angiotensin system as 
part of the blood pressure lowering mechanism of 
sour milk.  With respect to humans, an 8-week 
continuous ingestion study using sour milk was 
conducted on hypertensive patients12) or mild or 
moderate hypertensive subjects13), the results of 
which confirmed a significant decrease in blood 
pressure.  Moreover, 8-week continuous ingestion 
studies using beverages containing sour milk were 
conducted on subjects having mild or moderate 
hypertension, and confirmed a significant decrease 
in blood pressure14)15).  Recently, we have newly 
developed liquid yogurt from mixing the sour milk 
and milk fermented using a starter consisting of 
Lactobacillus delbrueckii  bulgaricus  and 
Streptococcus thermophilus.  We have conducted 
the 8-week continuous ingestion study using this 
liquid yogurt on mild hypertensive subjects and 
confirmed a significant decrease of blood 
pressure16).  Thus, several clinical studies have 
been reported the efficacy of sour milk on 
hypertensive subjects.  However, there is no 
report to indicate the effect of sour milk on 
subjects with high-normal blood pressure.  
 For the purpose of confirming the effect of 
a liquid yogurt containing sour milk, we conducted 
12-week continuous ingestion study on subjects 
with high-normal blood pressure.  This study was 
designed as a placebo controlled, double blind, and 
parallel comparative study.   

 
 

２．Materilas and Method 
 
1) Supplementary drink 

 
 Liquid yogurt containing the “lactotripeptide 
(VPP and IPP)” was manufactured according to the 
method of previous report16).   
 Fermented milk was prepared with a starter 
containing L. helveticus and Saccharomyces 
cerevisiae.  L. helveticus CM4-fermented milk 
was prepared similarly by fermenting using L. 
helveticus CM4 as the starter, then both fermented 
milks were mixed.  Moreover, cultured milk was 
additionally mixed that was fermented using a 
starter consisting of Lactobacillus delbrueckii 
bulgaricus and Streptococcus thermophilus.  
Stabilizer, sweetener, and flavors were then added 
to this to prepare a liquid yogurt (test drink).  The 
test drink contained 1.13 mg of VPP and 0.74 mg 
of IPP per one bottle (150g).  For the control, 
stabilizer, sweetener, and flavors were added to the 

reconstituted skim milk to prepare the placebo 
drink having the same solid non fat (SNF), taste, 
composition, and appearance including a color 
quality as the test drink.  The compositions of 
both drinks are shown in Table 1.  VPP and IPP 
peptides presented in the test drink, not in the 
placebo drink. 

 
2) Experimental Schedule and Intake Method 

 
     The trial was designed as the double blind 
and placebo-controlled group study.  The trial 
was consisted of a pre-observation (non-intake) 
period of 4 weeks, an intake period of 12 weeks 
and a post-observation (non-intake) period of 4 
weeks (Fig. 1). 

  Subjects ingested the supplementary drink of 
one bottle (150g per bottle) twice a day, at the 
breakfast (or after the breakfast) and dinner (or 
after the dinner), respectively (2 bottles per day).  
They were also instructed not to change their daily 
lifestyle such as diet and exercise, except for 
taking the test product in the fixed time of a day. 

 
3) Study Subjects   

 
     All subjects were measured their blood 
pressure at 6 (pre-examination), 4, and 2 weeks 
before intake was to begin.  Those subjects whose 
average value fell into the defined range of 
high-normal blood pressure, were untreated by 
prescription medication affecting blood pressure 
regulation, were recruited for the study.  High 
normal blood pressure was taken as an SBP and/or 
DBP of 130-139 mmHg and 85-89 mmHg, 
respectively, according to the definition of 
WHO/ISH(1999) 4).  Subjects were excluded by 
the criteria indicated in Table 2: those who needed 
urgently to treat with antihypertensive medication, 
had a lactose intolerance, had an allergy to cow’s 
milk, were considered by a medical doctor not to 
be suited, and so on.  In addition, subjects were 
excluded if they took habitually FOSHU (FOOD 
OF SPECIFIED HEALTH USE) products that 
were developed to modulate the blood pressure or 
foods with possibility to have an influence for 
blood pressure.  A total of 265 volunteers were 
recruited for eligibility.  Of these, 158 subjects 
were excluded before randomization either because 
they did not meet the inclusion criteria as regards 
blood pressure or requested to withdraw from the 
study.  A total of 107 subjects were divided into 
two groups, matched for SBP/DBP values, gender, 
and age.  One subject dropped who requested to 
withdraw from the study.  The reason was found 
to be personal irrelevant to the study by the 
follow-up survey of the doctor.  Finally, 106 
subjects were judged eligible to analysis in the 
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present study and they consisted of 34 men and 72 
women aged 38.3 +  10.8 years (Table 3).  

No significant differences between the test 
and placebo groups in regard of the gender, age, 
body weight, height, and body mass index (BMI), 
blood pressure, and pulse rate were observed. 
     The experiment was carried out under the 
approvals by the Joint Institutional Review Board 
of Soiken, Inc. and Soiken Clinic.  According to 
the doctrine of “Helsinki Declaration” (adopted in 
1964, and modified in 1975, 1983, 1989, 1996, and 
2000), the physician gave subjects enough 
explanations about the purpose of research and 
methods.  And they gave written informed 
consent.  

 
4) Measurements 

 
(1) Blood Pressure and Pulse Rate  
     The measurements of blood pressure and 
pulse rate were taken at 4, 2 and 1 weeks before 
ingestion, just before the beginning of ingestion, at 
2, 4, 6, 8, 10, and 12 weeks after ingestion, and at 
2 and 4 weeks after the ingestion of drinks ended 
(twelve times in total).  Subjects were instructed 
to fast over 10 hours after the dinner on the day 
before the measurements.  Subjects were directed 
to visit the appointed medical institution during the 
period from 9:00 a.m. to 11:30 a.m. in fasted 
condition.  Measurements of the blood pressure 
and pulse rate of subjects were done by the nurse 
under the doctor’s supervision.  A 
sphygmomanometer was used for measurement of 
the blood pressure.  The blood pressure of the left 
upper arm was measured 3 times with an interval 
of 1 minute in a sitting position and in clothes 
without shoes after more than 10 minute resting.  
The averaged value was taken as the blood 
pressure of the day.  During the intake period, 
subjects were directed to visit without taking 
supplementary drink and take it after their 
measurements ended. 

 
(2) Clinical data 
     The measurement of the height was carried 
out at 2 weeks before intake period.  The 
measurement of body weight was carried out at 2 
weeks before ingestion, just before the beginning 
of ingestion, at 4, 8 and 12 weeks after ingestion, 
and at 4 weeks after the ingestion of drinks ended.  
Blood test and urinalysis were carried out just 
before the beginning of an intake of supplementary 
drinks (0 week) and on its termination day (12 
weeks).  The blood samples were taken after 
overnight fast (over 10 hours after the dinner on 
the day before the blood sampling).  Serum 
hematological test, biochemical test, and urinalysis 

were carried out in Sakai Biomedical Research Lab 
Co., Ltd. (Osaka, Japan).  

1. Hematological test 
Number of white blood cells and red blood 
cells, hemoglobin, hematocrit, MCV, MCH, 
M C H C ,  a n d  p l a t e l e t s .  

2. Serum biochemical test 
Total protein, albumin, A/G, total bilirubin, 
GOT, GPT, ALP, LDH, γ-GTP, total 
cholesterol, triglyceride, HDL-cholesterol, 
uric acid, uric nitrate, creatinine, Na, Cl, K, 
Ca , Mg, glucose, hemoglobin A1C and 
plasma rennin activity 

3. Urinalysis  
Paper test: Glucose, protein, urobilinogen and 
occult blood  
Quantity test: gravity, pH, Na, K, Cl and 
creatinine 

 
(3) Urinary excretion of sodium and pottasium 
     The 24-hour urinary excretion of sodium and 
potassium were calculated by the estimation 
method of Kawasaki et al17).  The calculation 
formulas were indicated below.  At first, the 
values of the 24-hour urinary excretion of 
creatinine (PRCr) were predicted by the age, body 
weight, and height.  The 24-hour urinary sodium 
and potassium excretion were calculated from 
measured uric creatine, Na, and K, and predicted 
value of 24-hour urinary creatinine excretion .   

Predicted values of the 24-hour urinary creatinie 
excretion: 

Man; PRCr (mg/day) = -12.63 × age （year） 
+ 15.12 × body weight （kg） + 7.39 × 
h e i g h t ( c m )  -  7 9 . 9 

Woman; PRCr (mg/day) = -4.72 × age 
（year） + 8.58 × body weight（kg） + 5.09 
×  h e i g h t ( c m )  -  7 4 . 9 

X Na (mEq/day) = PRCr× uric Na (mEq/l) / 
u r i c  c r e a t i n i n e  ( m g / l ) 

X K (mEq/day) = PRCr× uric K (mEq/l) / uric 
c r e a t i n i n e  ( m g / l ) 

 
The 24-hour urinary Na excretion (mEq/day) 

=  1 6 . 3  ×  ( X  N a ) 0 . 5

The 24-hour urinary K excretion (mEq/day) 
 =  7 . 2  ×  ( X  K )  0 . 5

 
(4) Medical Examination and Questioning 
     During the experimental period, physical 
examination and questioning were carried out by a 
physician (twelve times in total) at visiting day of 
clinic and the symptoms such as dry cough, 
digestive tract symptom, and exanthema were 
examined. 

 
5) Statistical Analyses  
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 All measured values were shown by the 
mean + standard deviation.  The correlation 
between ingestion period and blood pressure 
variation or pulse rate were analyzed by two-way 
analysis of variance (ANOVA) for repeated 
measures, and were analyzed the possible group 
effects, time effects, and group-time interaction for 
blood pressure or pulse rate.  In addition, 
Bonferroni’s multiple comparison test was used for 
comparison of blood pressure values or pulse rate 
values before and after ingestion.  The paired t 
test was used to assess variations in blood test 
values, urinaysis, body weight and BMI among the 
subjects.  The Student t test was used for 
comparisons between groups.  The "SPSS 
Ver.10" (SPSS Inc. Co., Ltd., Chicago, IL) was 
used for statistical analyses.  P < 0.05 with 
two-tail test was considered as statistically 
significant. 

 
 

3. Results 
 

1) Blood pressure and pulse rate 
 

     Figure 2 shows the changes of the blood 
pressure in the test and placebo groups.  By 
analysis of two-way ANOVA with repeated 
measures, the interaction was recognized between 
the foods taken and its duration in regard to SBP. 
Pattern of SBP changes in test group was different 
from that in the placebo group during ingestion 
period (p<0.05).  In the test group, SBP was 
significantly decreased from 134.1 ± 5.6 mmHg at 
0 week to 131.0 ± 6.5 mmHg at 2 week after 
ingestion (p<0.01).  At 4 weeks after ingestion, 
SBP was 128.6 ± 6.7 mmHg (P<0.01 compared to 
initial value).  As shown Fig 2, this 
antihypertensive effect of the test group was 
maintained throughout the intake period and the 
value reached to 128.0 + 5.8 mmHg 12 weeks later 
(Bonferroni’s test : p<0.01).  A slight decrease of 
SBP was observed in week 2 following completion 
of ingestion, but not statistically significant 
compared to that in just before the beginning of 
ingestion.  The decreased SBP was returned to 
initial value at the 4 weeks after ingestion ended.  
In contrast, placebo group showed no significant 
changes in SBP.  The differences between SBP of 
test group and placebo group at 4 (t test, p<0.05), 6, 
10 and 12 weeks (t test, all p<0.01) after ingestion 
were statistically significant (Fig. 2). 
     By analysis of two-way ANOVA with 
repeated measures, the interaction was not 
recognized between the foods taken and its 
duration in regard to DBP (p=0.08).  Pattern of 

DBP changes in test group was different from that 
in the placebo group during ingestion period 
(p<0.05) .   In  the  tes t  g roup,  DBP was 
significantly decreased from 80.6 + 4.9 mmHg at 0 
week to 77.7 + 5.3 mmHg at 4 week after ingestion 
(p<0.01).  This antihypertensive effect of the test 
group was maintained throughout the intake period 
and the value reached to 76.8 + 4.0 mmHg 12 
weeks later (Bonferroni’s test : p<0.01, Fig. 2).  
The decreased DBP was returned to initial value at 
the 4 weeks after ingestion ended.  In contrast, 
placebo group showed no significant changes in 
DBP.  The differences between DBP of test group 
and placebo group at 6 (p<0.01), 10 (p<0.05) and 
12 weeks (p<0.001) after ingestion were 
s ta t i s t ica l ly  s ignif icant  ( t  tes t ,  F ig .  2) . 
     In the blood pressure changes from initial 
value (at 0 week), SBP in test group significantly 
decreased by 5.5 ± 7.1 mmHg at 6 week after 
ingestion.  This decrease was statistically 
significant in comparison with that in the placebo 
group (p<0.05, Table 4).  The decreases in SBP 
were 5.6 ± 7.5 and 6.1 ± 5.7 mmHg at 10 and 12 
weeks after ingestion, respectively, in the test 
group.  These values were also significantly 
lower than those of corresponding periods of the 
placebo group (1.5 ± 7.4 and 2.1 ± 8.4 mmHg, 
p<0.01).   
     The decreased DBP of the test group were 
3.6 ± 5.6 and 3.8 ± 6.3 mmHg at 6 and 12 weeks 
after ingestion of the test drink, respectively, and 
significantly lower than the corresponding values 
of the placebo group (0.5 ± 7.1 and 0.3 ± 7.2) 
(p<0.05, p<0.01).  No statistically significant 
difference in SBP and DBP were observed 
between both groups at 2 and 4 weeks after 
ingestion ended. 
     By analysis of two-way ANOVA with 
repeated measures, the interaction was not 
recognized between the foods taken and its 
duration in regard to pulse rate.  Statistically 
significant difference in pulse rate was observed 
between two groups at 2 weeks after ingestion.  
However, this was not considered as a change of a 
clinical meaning because of its temporary decrease 
(Table 4).  
 
2) Body weight and BMI 

 
 The changes of body weight and BMI were 
indicated in Table 5.  In the test group, body 
weight and BMI were significantly decreased at 4 
weeks after ingestion ended compared to that 
before ingestion.  In the placebo group, body 
weight and BMI were significantly decreased at 12 
weeks after ingestion and 4 weeks after ingestion 
ended compared to that before ingestion.  
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However, they were slight changes within one 
percent, and therefore they were not considered as 
a change of a clinical meaning.   

 
3) Blood test 

 
 The results of hematology tests and blood 
biochemistry tests performed before ingestion (0 
week), 6 weeks after ingestion, and on the final 
day of the ingestion period (12 weeks) are shown 
in Tables 6 and 7. 

  In the test and placebo groups before and 
after ingestion, significant increases were observed 
in A/G ratio, creatinine, Cl, Ca, and hemoglobin 
A1C and significant decreases were observed in 
total protein, albumin, Na, K, ALP, total 
cholesterol, and HDL cholesterol.  In the test 
group, significant increase was observed in glucose 
and significant decreases were observed in HMV, 
HMV, GOT, and LDH.  In the placebo group, 
significant increase was observed in uric nitrogen 
and significant decreases were observed in red 
blood cell and hematocrit values.  Significant 
differences were observed in Na, GPT, and total 
cholesterol between the test and placebo groups.  
Although significant differences were observed in 
several parameters before and after ingestion or 
between two groups, they were slight changes 
within normal range.  In the significant changed 
parameters, most of them changed in the same 
direction in both groups.  In the placebo group, 
there were significant differences in plasma rennin 
activity at 12 weeks after ingestion compared to 
that before ingestion or at 12 weeks between two 
groups.  However, they were slight changes 
within normal range. 
 
4) Urinarysis 
 
     The positive changes (+) of uric protein 
were observed in two examples for the test group 
and four examples for the placebo group at 6 or 12 
weeks after ingestion.  However, no abnormal 
variations were observed for them in blood 
parameters (uric nitrogen, creatinine, and 
electrolyte) relevant to kidney function.  The 
positive changes of uric glucose were observed in 
two examples in placebo group, not in the test 
group.  With respect to the occult blood, positive 
changes were observed in eighteen examples in 
both groups.  However, the positive changes of 
fourteen examples (ten examples for test group and 
four samples for the placebo group) resulted from 
their menstruation.  And for four examples there 
were no abnormal variations in blood parameters 
relevant to kidney function and other uric analysis.  
With respect to the urobilinogen, the positive 

changes (+) were observed in one example at 6 
weeks after ingestion for the test group and in two 
examples at 12 weeks after ingestion for the 
placebo group.  However, there were no abnormal 
variations in their blood urobilinogen and 
parameters (GOT, GPT, and ALP) relevant to 
hepatic function.  
     In the test group, although the uric pH and 
gravity changed significantly at 12 weeks after 
ingestion compared to that before ingestion, they 
were slight variations within normal range (Table 
8).  With respect to K and Cl values, significant 
differences were observed between two groups at 
12 weeks.  However, K and Cl values of test 
group did not change significantly at 12 weeks 
compared to that before ingestion.  In the test 
group, although the creatinine changed 
significantly at 6 weeks after ingestion compared 
to that before ingestion, the blood parameters 
relevant to kidney function were in normal range.  
With respect to Na value, no significant difference 
were observed between two groups or measured 
date.   
     The estimated 24-hour urinary excretions of 
Na and K were indicated in Table 8.  There were 
no significant variations between two groups, and 
before and after ingestion in either groups.  

 
5) Medical Examination and Ｑuestioning 

 
 Within 2 weeks after ingestion, diarrhea was 
observed in one example for test group and two 
examples for the placebo group.  However, these 
symptoms were temporary and cured without 
treatment by next day.  The constipation was 
observed in one example for the placebo group at 4 
weeks after ingestion.  However, this symptom 
was cured without treatment after two days during 
the take of the supplementary drink continuously 
of his/her own free will.  There were no abnormal 
variations, dry coughing, gastrointestinal 
symptoms, skin symptoms or other events thought 
t o  b e  a t t r i b u t a b l e  t o  t h e  t e s t  d r i n k .   

 
 

4. Discussion 
 

 The placebo-controlled, double-blind study 
was conducted to assess the antihypertensive 
effects of liquid yogurt containing “lactotripeptides 
(VPP, IPP)” in 106 subjects with high-normal 
blood pressure.  As a result, SBP in the test group 
exhibited a significant decrease at 4, 6, 10, and 12 
weeks after ingestion as compared with that in the 
placebo group.  Similarly, DBP in the test group 
decreased significantly at 6, 10, and 12 weeks after 
ingestion more than that in the placebo group.  At 
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12 weeks after ingestion, SBP and DBP changed 
-6.1 ± 5.7 and -3.8 ± 6.3 mmHg from initial value, 
respectively.  When ingestion was discontinued, 
decreased SBP and DBP values in the test group 
gradually returned to the initial level.  These 
results suggest that ingestion of liquid yogurt 
containing “lactotripeptides (VPP, IPP)” bring 
decrease of blood pressure in subjects with 
high-normal blood pressure.  
     Recently, the necessary of early prevention 
for hypertension is indicated in a large scale of 
investigation.  Vasan et al18) conducted a 
follow-up survey to investigate the ratio of 
incidence of cardiovascular disease (CVD) in 7000 
people of US population for 12 years.  They 
reported that the ratio of incidence of CVD in men 
or women with high-normal blood pressure were 
1.6-fold or 2.5-fold higher than those with optimal 
blood pressure (SBP < 120 mmHg and DBP < 80 
mmHg).  Lewington et al19) have reported that, 
starting from normal blood pressure of 115/75 
mmHg, the risk of developing CVD doubles with 
every rise in SBP of 20 mmHg or in DBP of 10 
mmHg.  These reports indicate that risk of 
developing myocardial infarction and stroke is to 
be high following the rise of blood pressure even if 
blood pressure is not categorized as hypertension 
(SBP > 140 mmHg, DBP > 90 mmHg).  Thus, it 
is recognized the importance of early management 
of blood pressure in high-normal blood pressure to 
prevent developing hypertension.  This study 
indicates the efficacy of food containing 
“lactotripeptides (VPP, IPP)” in subjects with 
high-normal blood pressure and suggests that 
liquid yogurt containing “lactotripeptides (VPP, 
IPP)” is useful for primary prevention of 
hypertension.  
Eight-week continuous ingestion studies using 
sour milk drink were conducted on mild to 
moderate hypertensive subject, the results of which 
confirmed a significant decrease in blood 
pressure13)14).  Similar findings were also 
observed when mild hypertensive subjects ingested 
liquid yogurt, which was the same formula as one 
in the present study, for 8-week16).  In this study, 
antihypertensive effect of liquid yogurt was 
confirmed on subject with high-normal blood 
pressure.  These results indicate that a food 
containing lactotripeptides (VPP, IPP) shows an 
antihypertensive effect on subjects with moderate 
hypertension to high-normal blood pressure.  The 
reduced systolic (SBP) and diastolic blood 
pressures (DBP) at 8 weeks after ingestion of 
liquid yogurt from initial value (SBP/DBP= 148 + 
8/ 93 + 7 mmHg) were 14 + 11 mmHg and 9 + 8 
mmHg, respectively, in the study on mild 
hypertensive subjects16).  In the case of subject 

with high-normal blood pressure (initial 
SBP/DBP= 134 + 6/ 81 + 5 mmHg), the reduced 
SBP and DBP values at 8 weeks after ingestion 
were 5 + 6 mmHg and 4 + 7 mmHg, respectively.  
Thus, it tended to be positive correlation between 
initial blood pressure value and reduced value of 
blood pressure.  These results suggest that the risk 
to reduce the blood pressure excessively is low and 
moderate control of blood pressure is expected 
when subjects with normal to high-normal blood 
pressure ingest the liquid yogurt containing 
lactotripeptides (VPP, IPP) for the purpose of early 
preventing hypertension.  
     Body weight changes, excessive intake of 
sodium, and insufficient intake of potassium are 
known to influence the blood pressure 20)21)22).  
However, in this study, diet, exercise, body weight, 
BMI, and estimated 24-hour urinary excretion of 
sodium and potassium were maintained stably 
during intake period.  These results indicated that 
antihypertensive effect observed in this study did 
not derive from changes of lifestyle or physical 
characteristics.  
     There was no significant change in plasma 
renin activity before and after ingestion of liquid 
yogurt.  Similar result was reported in the study 
using sour milk for subject with mild or moderate 
hypertension14).  The ACE inhibitory activity of 
lactotripeptides (VPP, IPP) was mild compared to 
drugs9).  Markers in renin-angiotensin system 
(RA) variable largely within individual and are 
easily affected by outer factors 23)24)25).  Therefore, 
it seemed to be difficult to detect the change of 
plasma renin activity.  Animal model studies 
suggested that lactotripeptides (VPP, IPP) act on 
the tissue renin-angiotensin system11).  It will be 
necessary to make a more detailed assessment in 
the future, including the methodology used, in 
order to investigate the relationship between 
changes of markers in rennin-angiotensin and 
blood pressure response in human studies. 

Although significant differences were 
observed in some blood tests and urinalysis before 
and after ingestion, the changes in most of these 
measured parameters were observed in both groups.  
Even so the significant differences of several 
parameters were found in one group, those in 
another group changed the same direction.  In 
addition, all of these changes were within the 
normal range.  Therefore, they were considered to 
be variable within physiological range.  There 
were positive changes in some uric analysis after 
ingestion in some subjects of both groups.  
However, since no abnormal variations were 
observed for relevant blood test results and uric 
analysis, and no abnormal subjective symptom was 
recorded in those subjects, they were not 
considered as a change of a clinical meaning.  No 
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complaints such as dry cough, exanthema eruption, 
and skin itching known side effects of ACE 
inhibitors were observed in this study.  

These results suggested that the liquid yogurt 
drink containing lactotripeptide (VPP and IPP) was 
useful in reducing blood pressure in subjects with 
high-normal blood pressure without causing 
adverse events. 

 
 

5. Conclusion 
 

For the purpose of confirming the efficacy and 
safety of a liquid yogurt containing lactotripeptides 
(VPP and IPP), we conducted 12-week continuous 
ingestion study on 106 subjects with high-normal 
blood pressure.  This study was designed as a 
placebo controlled, double blind, and parallel 
comparative study.  Both SBP and DBP in the 
test group decreased during intake period, and a 
statistically significant difference was observed 
between the two groups.  There were no events 
such as dry coughing, skin itching, and exanthema 
eruption observed throughout the intake period.  
Moreover, there were also no abnormal variations 
in blood test and urinalysis values observed before 
and after ingestion.  These results suggested that 
the liquid yogurt drink containing lactotripeptides 
was useful in reducing blood pressure in subjects 
with high-normal blood pressure without causing 
adverse events. 
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Fig 2　Changes of systolic blood pressure （ＳＢＰ） and diastolic blood pressure （ＤＢＰ）
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 *Significant difference from initial value (0 week) (Bonferroni test，p<0.05)
**Significant difference from initial value (0 week) (Bonferroni test，p<0.01)
  #Significant difference between test and placebo groups (ｔ-test，p<0.05)
##Significant difference between test and placebo groups (ｔ-test，p<0.01)
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Placebo drink Test drink
Energy  (kcal) 57 46
Moisuture  (g) 134.8 137.5
Protein  (g) 4.7 4.7
Fat  (g) 0 0
Carbohydrate  (g) 9.5 6.8
Ash  (g) 1.1 1.1
Sodium  (mg) 80 61
Pottasium  (mg) 225 223
Calcium  (mg) 165 168
Magnesium  (mg) 17 15
Phosphorus  (mg) 126 133
Iron  (mg) 0 0

VPP peptide1)  (mg) 0 1.13

IPP peptide 2)  (mg) 0 0.74
1)
　Ｖａｌ-Ｐｒｏ-Ｐｒｏ

2)
　Ｉｌｅ-Ｐｒｏ-Ｐｒｏ

Table 1　Composition of test and placebo drinks (150g per one bottle)

 
 

（1） Inclusion criteria
Systolic blood pressure 130～139mmHg and Daiastolic blood pressure 85～89

（2） Exclusion criteria
① Those who were necessary urgently to treat with antihypertensive medicine.
② Those who had signs of cerebrovascular accident.
③ History of heart failure and myocardial infraction.
④ Artial fibrillation and severe arrhythmia.
⑤ Current significant renal disease (more than 4.0mg/dl in serum creatinine).
⑥ Current significant hepatic disease.
⑦ Uncontrolled diabetes mellitus 
⑧ Severe anemia (not more than 7 g/dl in Hemoglobin)
⑨ Females who are pregnant,lactating.
⑩ Allergy to milk protein
⑪ Lactose intolerance
⑫ Those who were considered not to suite by a medical doctor

Table 2 Inclusion and exclusion criteria
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Number of subjects 53 53
Male

Female
Age (years) 38 ± 9 39 ± 12
Weight (kg) 58.8 ± 11.8 59.1 ± 8.8
Height (cm) 162.3 ± 7.9 163.8 ± 7.6
BMI1) 22.2 ± 3.5 22.0 ± 2.5
Systolic BP (mmHg) 135 ± 4 134 ± 5
Diastolic BP (mmHg) 78 ± 5 79 ± 5
Pulse rate (beats/min.) 70 ± 7 69 ± 6
1)Body mass index
No significant difference between test and placebo groups (t- test)

Table 3  Clinical characteristics of subjects.

17
36

17
36

Test groupPlacebo group
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ＳＢＰ
1） Placebo -1.1 ± 7.0 -2.7 ± 7.2 -1.6 ± 8.1 -2.2 ± 8.5 -1.5 ± 7.4 -2.1 ± 8.4 -0.4 ± 5.0 -0.4 ± 6.1

(mmHg)
Test -3.1 ± 6.1 * -5.5 ± 7.6 ** -5.5 ± 7.1 # ** -4.7 ± 6.3 ** -5.6 ± 7.5 ## ** -6.1 ± 5.7 ## ** -2.3 ± 6.0 -0.8 ± 6.1

ＤＢＰ2） Placebo -1.8 ± 8.0 -1.3 ± 7.1 -0.5 ± 7.1 -2.1 ± 7.4 -1.8 ± 7.0 -0.3 ± 7.2 -1.0 ± 5.6 -1.5 ± 5.2

(mmHg)
Test -2.3 ± 6.4 -2.9 ± 5.4 ** -3.6 ± 5.6 # ** -3.6 ± 7.2 * -3.9 ± 5.8 ** -3.8 ± 6.3 ## ** -1.7 ± 5.0 -1.6 ± 4.8

Pulse rate
Placebo -1.1 ± 3.0 -0.3 ± 5.8 -0.8 ± 4.8 -0.6 ± 4.5 -0.5 ± 5.8 -1.0 ± 4.9 -1.4 ± 6.1 -0.6 ± 4.7

（beats/min）
Test 1.0 ± 4.8 ## -0.5 ± 4.5 -0.2 ± 5.2 -0.5 ± 4.8 1.5 ± 6.3 -0.5 ± 5.3 -1.2 ± 4.4 -0.3 ± 5.4

1）:SBP; Systolic blood pressure
2）:DBP; Diastolic blood pressure

   *Significant difference from initial value (0 week) (Bonferroni test，p <0.05)

 **Significant difference from initial value (0 week) (Bonferroni test，p <0.01)

   #Significant difference between test and placebo groups (ｔ -test，p <0.05)

 ##Significant difference between test and placebo groups (ｔ - test，p <0.01)

Week 8 Week 10 Week 12 2 wks after
completion of intake

Table 4　Changes of blood pressure and pulse rate

Items Group
Intake period (12 weeks) Non-intake period

4 wks after completion Week2 Week 4 Week 6
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Body weight
Placebo 59.1 ± 11.8 59.0 ± 11.7 59.0 ± 11.9 58.9 ± 11.7 58.6 ± 11.6 * 58.5 ± 11.5 *

(kg)
Test 59.1 ± 8.8 58.9 ± 8.6 58.8 ± 8.6 58.7 ± 8.4 58.7 ± 8.6 58.3 ± 8.4 **

Placebo 22.3 ± 3.5 22.3 ± 3.5 22.3 ± 3.5 22.3 ± 3.6 22.2 ± 3.4 * 22.1 ± 3.4 *

Test 22.0 ± 2.5 21.9 ± 2.5 21.9 ± 2.5 21.8 ± 2.4 21.8 ± 2.4 21.7 ± 2.4 **

   *Significant difference from initial value (0 week) (paired t-test，p<0.05)

 **Significant difference from initial value (0 week) (paired t-test，p<0.05)

No significant difference between test and placebo groups (t- test)

Postobservation

Table 5 Changes of body weight and BMI

Pre-observation

Week 4

Intake period （12 weeks）

4 wks after completion
of intake2 wks before intake Week 8 Week 12

Groups

BMI

 (0 week)
Before intake
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Items Normal range Groups

Placebo 5.0 ± 1.3 5.1 ± 1.4 5.1 ± 1.3

Test 5.3 ± 1.6 5.2 ± 1.4 5.2 ± 1.6

Placebo 457.4 ± 37.8 455.1 ± 40.5 451.5 ± 40.8 **

Test 450.4 ± 44.5 447.8 ± 42.6 447.0 ± 44.7

Placebo 13.55 ± 1.50 13.50 ± 1.63 13.44 ± 1.66

Test 13.37 ± 1.62 13.25 ± 1.64 13.21 ± 1.78

Placebo 41.1 ± 3.9 40.8 ± 4.1 40.6 ± 4.2 **

Test 40.6 ± 4.2 40.3 ± 4.3 40.3 ± 4.8

Placebo 89.3 ± 3.9 89.1 ± 4.0 89.4 ± 3.9

Test 89.7 ± 5.6 89.6 ± 5.8 89.6 ± 5.7

Placebo 29.2 ± 1.8 29.2 ± 1.9 29.2 ± 1.9

Test 29.3 ± 2.4 29.2 ± 2.3 * 29.0 ± 2.4 **

Placebo 32.5 ± 0.9 32.6 ± 1.0 32.6 ± 1.2

Test 32.4 ± 1.0 32.4 ± 0.9 32.2 ± 1.0 *

Placebo 23.2 ± 5.0 23.2 ± 4.8 22.8 ± 4.6

Test 22.4 ± 4.5 23.0 ± 4.6 22.0 ± 3.7

  *Significant difference from initial value (0 week) (paired t -test，p<0.05)

**Significant difference from initial value (0 week) (paired t-test，p<0.05)

No significant difference between test and placebo groups (t- test)

Platelet
(ｘ104/µl)

13-35

Before Intake

RBC
(ｘ104/µl)

Ht
(%) 35-53

WBC
(ｘ103/µl)

3.3-9.0

380-560

Hb
(g/dl)

Table 6  Changes of hematology values

6 wks after intake 12 wks after intake

31-35

12.0-17.5

MCV
(fl) 85-100

MCH
(pg) 28-34

MCHC
(%)
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Items Normal range Groups

Placebo 7.44 ± 0.43 7.25 ± 0.38 ** 7.32 ± 0.43 **

Test 7.35 ± 0.32 7.12 ± 0.37 ** 7.20 ± 0.35 **

Placebo 4.61 ± 0.25 4.53 ± 0.26 ** 4.59 ± 0.27

Test 4.56 ± 0.23 4.47 ± 0.23 ** 4.53 ± 0.24

Placebo 1.65 ± 0.23 1.68 ± 0.21 * 1.71 ± 0.23 **

Test 1.65 ± 0.19 1.70 ± 0.19 ** 1.72 ± 0.20 **

Placebo 12.7 ± 2.8 13.5 ± 3.5 * 13.1 ± 3.5

Test 12.6 ± 3.2 13.1 ± 3.6 13.2 ± 3.5

Placebo 0.88 ± 0.19 0.93 ± 0.17 * 0.94 ± 0.18 **

Test 0.88 ± 0.17 0.92 ± 0.14 * 0.92 ± 0.12 *

Placebo 4.78 ± 1.17 4.79 ± 1.14 4.77 ± 1.11

Test 4.68 ± 1.30 4.64 ± 1.26 4.62 ± 1.24

Placebo 139.7 ± 1.5 139.0 ± 1.6 * 139.4 ± 1.4

Test 140.5 ± 1.6 ## 139.7 ± 1.7 # ** 140.0 ± 1.5 # *

Placebo 101.0 ± 2.2 102.6 ± 1.5 ** 102.1 ± 1.8 **

Test 101.7 ± 2.0 103.1 ± 1.7 ** 102.5 ± 1.6 **

Placebo 4.60 ± 0.41 4.25 ± 0.39 ** 4.55 ± 0.33

Test 4.61 ± 0.38 4.33 ± 0.43 ** 4.57 ± 0.35

Placebo 9.00 ± 0.35 9.18 ± 0.37 ** 9.32 ± 0.37 **

Test 9.05 ± 0.35 9.17 ± 0.33 ** 9.34 ± 0.34 **

Placebo 2.24 ± 0.14 2.22 ± 0.12 2.21 ± 0.14

Test 2.27 ± 0.12 2.25 ± 0.13 2.24 ± 0.12

Placebo 19.5 ± 4.6 19.6 ± 6.1 18.9 ± 7.2

Test 18.7 ± 6.3 17.5 ± 4.8 * 17.4 ± 8.8

Placebo 17.0 ± 7.8 19.8 ± 16.1 18.5 ± 12.5

Test 15.2 ± 7.1 14.4 ± 5.2 # 15.3 ± 7.7

Placebo 173.8 ± 48.5 170.6 ± 46.1 160.1 ± 41.1 **

Test 190.3 ± 53.5 185.7 ± 54.1 174.5 ± 56.9 **

Placebo 22.4 ± 16.8 22.9 ± 17.5 21.2 ± 14.2

Test 26.0 ± 40.6 23.8 ± 26.5 26.9 ± 40.7

Placebo 180.5 ± 28.4 176.2 ± 26.7 178.5 ± 32.0

Test 176.5 ± 32.7 170.1 ± 29.6 * 173.5 ± 38.6

Placebo 0.78 ± 0.24 0.78 ± 0.23 0.83 ± 0.24

Test 0.79 ± 0.24 0.78 ± 0.20 0.80 ± 0.21

Placebo 204.1 ± 32.8 192.6 ± 31.9 ** 194.6 ± 36.3 **

Test 197.0 ± 29.7 180.4 ± 30.2 # ** 184.1 ± 29.5 **

Placebo 88.6 ± 69.0 88.1 ± 70.2 92.3 ± 71.4

Test 86.7 ± 87.8 83.0 ± 71.5 93.5 ± 116.5

Placebo 62.2 ± 15.5 56.5 ± 13.3 ** 59.6 ± 14.3 *

Test 59.6 ± 11.6 53.2 ± 9.9 ** 56.7 ± 10.7 **

Placebo 84.5 ± 8.8 86.4 ± 11.0 87.0 ± 12.0

Test 84.9 ± 6.1 86.1 ± 8.5 86.9 ± 7.3 *

Placebo 4.59 ± 0.51 4.93 ± 0.55 ** 4.81 ± 0.51 **

Test 4.60 ± 0.29 4.91 ± 0.32 ** 4.79 ± 0.33 **

Placebo 1.71 ± 1.16 1.74 ± 1.12 2.07 ± 1.29 **

Test 1.61 ± 1.28 1.57 ± 1.07 1.63 ± 1.01 #

   *Significant difference from initial value (0 week) (paired t-test，p<0.05)

 **Significant difference from initial value (0 week) (paired t-test，p<0.05)

   #Significant difference between test and placebo groups (ｔ -test，p <0.05)

 ##Significant difference between test and placebo groups (ｔ - test，p <0.01)

K
(mEq/l) 3.5-5.0

γ-GTP
(IU/l) 80以下

ALP
(IU/l) 100-325

Table 7  Changes of serum biochemical values

Before Intake 6 wks after intake 12 wks after intake

Na
(mEq/l) 135-147

GPT
(IU/l) 5-40

Ca
(mg/dl) 8.5-11.0

Mg
(mg/dl) 1.5-2.8

Cl
(mEq/l) 97-107

Creatinine
(mg/dl) 0.6-1.5

Uric acid
(mg/dl) 2.0-7.5

Total bilirubin
（mg/dl） 0.2-1.0

Total protein
(g/dl) 6.5-8.5

Albumin
(g/dl) 3.8-5.4

A/G ratio 1.1-2.0

Urea nitrogen
(mg/dl) 7-23

Serum renin activity
（ng/ml） 0.2-3.9

HDL-cholesterol
(mg/dl) 35-90

Fasting blood sugar
(mg/dl) 60-110

GOT
(IU/l) 10-40

HemoglobinA1C

(%)
4.3-5.8

Total cholesterol
(mg/dl) 130-220

Triglyceride
(mg/dl) 40-150

LDH
(IU/l) 120-240
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Placebo 1.012 ± 0.008 1.012 ± 0.007 1.011 ± 0.006

Test 1.012 ± 0.008 1.013 ± 0.007 1.009 ± 0.006 *

Placebo 5.84 ± 0.79 5.73 ± 0.64 5.91 ± 0.75

Test 5.65 ± 0.72 5.61 ± 0.68 6.01 ± 0.91 *

Placebo 187.7 ± 58.2 － 180.7 ± 54.2

Test 170.8 ± 52.5 － 186.5 ± 52.3

Placebo 44.1 ± 13.5 － 45.9 ± 12.6

Test 43.4 ± 10.2 － 43.4 ± 12.4

*Significant difference from initial value (0 week) (paired t -test，p<0.05)

No significant difference between test and placebo groups (t- test)

Estimated 24-hour urinary
excretion of potassium

(mEq/day)

Estimated 24-hour urinary
excretion of sodium
(mEq/day)

　Table 8　Urinalysis and the estimated 24-hour urinary excretion of sodium and potassium

Items Groups Before intake 12 wks after intake6wks after intake

Gravity
（Normal range：1.002-

1.030）

pH
（Normal ramge：4.5-7.5）

 

 

 

- 2 -






















































































	Fermented Milk E - Lowers Blood Pressure in Hypertensive Subjects in 24h Ambulatory Blood Pressure Measurement.pdf
	Lactobacillus helveticus Fermented Milk Lowers Blood Pressure in Hypertensive Subjects in 24-h Ambulatory Blood...
	Methods
	Subjects
	Design
	BP Measurement
	Blood Sampling
	Test and Control Products
	Ethics
	Inclusion and Compliance
	Sample Size
	Statistical Methods

	Results
	BP
	Other Variables
	Adverse Events

	Discussion
	Acknowledgments
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




